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1Aavmetrlc S yn th esis In  Anionotroplo Changes.
S tan ley  M iles P a rtr id g e ,
B attersea  P o ly te c h n ic , London,
In v e stig a tio n s  o f  (-U)cJV-aimethylallyl a lco h o l 
( H i l l s ,  Kenyon, and P h i l l ip s ,  J . ,1 9 3 6 ,5 7 6 ,) le d  to  the b e l i e f  
th a t an o p t ic a l ly  a c t iv e  product would be obtained when 
( -U -p h e n y l-I -m e th y la lly l  a lco h o l (and i t s  d e r iv a tiv e s )  was 
converted in to  X-phenyl-ck-m ethylallyl a lco h o l (and i t s  
d e r iv a t iv e s ) .  This exp ecta tio n  has been f u l ly  r e a liz e d ;  
th e  hydrogen p h th a lic  e s te r  o f ^ -p h en y l-^ -m eth y la lly l 
a lc o h o l changes in to  the isom eric e s te r  con ta in in g  87^ 
o f  one o p t ic a l enantiomofcph.
The transform ation  
CHPhX, CH: CHMe — > CHPh:CH,CHXMe a lso  proves to  be an 
e x c e p tio n a lly  convenient an ionotropio  system fo r  in v e s t ig a t io n  
s in c e  the more r e a c t iv e  e s te r s  o f d-p h en yl-K -m eth yla lly l 
a lc o h o l change in to  th e ir  isom erides a t  ordinary tem peratures 
e ith e r  in  so lu t io n  or ( in  the case of the hydrogen p h ta lio  
e s te r )  in  the c r y s ta l l in e  s t a t e .  By u sin g  o p t ic a l ly  a c t iv e  
compounds th is  change can r e a d ily  be fo llow ed  p o la r im e tr ic a lly , 
and thus a convenient and accurate method o f studying the  
r e a c tio n  i s  a v a ila b le . Like the hydrogen p h th a lic  e s te r  o f  
M -d im e th y la lly l a lc o h o l, e s te r s  o f  d -p h en y l-^ -m eth y la lly l
ABSTRACT .
2.
a o e t lo  e s te r  o f  Y -p h en y l-^ -m eth y la lly l a lcohol*  E sters o f  
-phenyl -Jv-m ethylally l a lo o h o l undergo s im ila r  replaoement 
rea o tio n s  but much more slowly*
On a d d itio n  o f bromine, (± )K -phenyl-A -m ethylally l 
a lo o h o l y ie ld s  two methyl-^/5-dibrom o-^-phenylethyl oarb in o ls  
which may be separated  by fr a c t io n a l c r y s ta lliz a t io n *  One 
o f  th e se , on o x id a tio n , y ie ld s  (+)methyl-Ap-dibromo-|3-phenyl 
e th y l k eton e, w h ile  the o ther g iv e s  the (-)-enantiom orph  
p o sse ss in g  num erica lly  the same ro ta tory  power. When bromine 
I s  Added to  ) K-phenylW\-me t h y la l ly l  and the m ixture o x id ised  
w ithout any form o f  previous sep aration  the r e s u lt in g  ketone  
i s  o p t ic a l ly  a ctive*  As the o r ig in a l oentre o f  asymmetry in  
th e  oompound has been destroyed  by ox id ation  th is  re a c tio n  
rep resen ts  a new type o f  asymmetric syn th esis*
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INTRODUCTION
A study of the o p tica l behaviour of c*Y-dimethyl~ 
a lly la lco h o l undertaken by H il ls ,  Kenyon and P h illip s , 
has led to some unexpected r e su lts , end i t  was in  an 
e ffo r t to throw some lig h t  upon th ese, that the present 
work was undertaken. The sim ilarly  constituted alcohol, 
ouphenyl-Y-m ethylallylalcohol, as had already shown by 
Burton, read ily  undergoes a tautomeric change into i t s  
isomer Y-phenyl^owaethylallylalcohol: and an in vestiga tion  
o f th is  change in  the o p tic a lly  active alcohols has not 
only helped in  elucidating the d if f ic u lt  problems raised  
by the or ig in a l in v estig a tio n , but has proved of 
considerable in terest in  i t s e l f .
I . ASYMMETRIC SYNTHESIS.
U ntil 1828 when urea was f ir s t  synthesised from 
purely inorganic sources by Wohler, i t  was maintained 
by many that carbon compounds o f the type s t i l l  known 
as * Organic" were so le ly  the product o f v i t a l  forces, 
and could not be produced in  the laboratory except 
from m aterial i t s e l f ,  a product o f metabolism.
During the f ir s t  h a lf  o f the nineteenth century 
the science of organic chemistry as we know i t  today 
was in  process o f development, and an enormous number 
of carbon compounds were synthesised both from organic 
and inorganic sources. However one great point of 
d iss im ila r ity  between compounds synthesised in  the 
laboratory and naturally occuring m aterial s t i l l  
remained apparent. When a substance whose molecule i s  
asymmetric i s  produced by v i t a l  synthesis in  a liv in g  
c e l l  i t  i s  nearly always found in  an o p tio a lly  active  
s ta te , while the same material synthesised in  the 
laboratory i s  invariably in active .
In 1898 F.R. Japp1 held that ,fThe production of 
s in g le  asymmetric m olecules, or th e ir  iso la t io n  from 
the mixture o f th e ir  enantiomorphs i s ,  as Pasteur 
firm ly held , the prerogative o f life®  and th is  opinion 
was held by many o f h is  contemporaries. Ifc opposition
to th is  view, Van»t Hoff was of the opinion that an 
unsymmetrical physical force could be used by human 
operators to e ffec t the unsymmetrical synthesis of 
o p tica lly  active compounds.
Numerous attempts to e f f e c t  such a synthesis are 
described in  the lite r a tu r e , but for many years a ll  
e ffo r ts  met with complete fa ilu re . Only in recent 
years has any rea l advance been made, whereby the 
asymmetrical photochemical decomposition of several 
externally  compensated compounds has at la s t  been
conclusively  demonstrated. This resu lt was obtained
2by KUhn and Brawn by the photochemical decomposition 
of o p tica lly  inactive ethyl oc-bro mo propionate with 
c ircu larly  polarised lig h t . This success was largely  
due to the recognition  that c ircu larly  polarised lig h t  
would con stitu te  an unsymmetrical physical agency, and 
a rea lisa tio n  that the asymmetric group to be destroyed 
must possess an o p tica lly  active absorption band near 
the optimum wavelength for i t s  photochemical 
decomposition to ensue.
Another method of attack upon the problem of 
preparing an asymmetric molecule unaccompanied by i t s  
enantiomorph has produced a great variety  of in terestin g  
r e su lts . In 1908 Rosenthaler carried out the unsym— 
m etrical addition of hydrocyanic acid to many d ifferen t
aldehydes in  the presence o f an enzyme "Oxynitrolase**
occuring in  almond emulsin. In each case the cyanhydrin
was produced in  a highly o p tica lly  active  s ta te , but the
reaction  amounts to l i t t l e  more than carrying out a
natural process under laboratory conditions.
Many other coses where an asymmetric carbon atom
has been synthesised by the ca ta ly tic  action  of an
enzyme appear in  the lite r a tu r e , and in  nearly every
instance one enantiomorph i s  produced in excess o f the
other. Perhaps the most strik ing  reaction  of th is  type
4i s  that investigated  by Neuberg who used the enzyme
” Ketonaldehydemutase ’• to transform methylglyoxal into
la c t ic  acid by addition o f the elements o f water. The
reaction  y ie ld s  almost th eoretica l amounts of o p tica lly
pure la c t ic  acid#
Emil F ischef was one o f the f ir s t  to attempt to
synthesise an o p tic a lly  active compound without the
5
use o f enzymes as d irecting  agents. In 1901 he
attempted to prepare o p tic a lly  active  sa licy la ldehyde-
cyanhydrin from h e lic in  in  the following way : -  
*  *  *  y0 H
CHO(CHOH)4OHgOC6^C H ) » CH0(CH0H)4CHg0C ^ |0H<
h e lic in
* * OH
CH0(CH0H)4CH20H + OHC^CH^
glucose
hoping that the o p tic a lly  active h e lic in  would take 
the place o f enzymes or c ircu larly  polarised lig h t in  
providing the source o f an uneymraetrical b ias upon the 
reaction . The desired product could not however he 
iso la te d , and there followed many other attempts, by 
Fischer h im self, and by other in v estig a to rs , to carry 
out sim ilarly  conceived experiments.
About the same time Marckwald gave h is  c la s s ic a l  
d efin itio n  o f asymmetric synthesis which i s  e sse n tia lly  
the same as that now generally  accepted. In order to 
produce a ,f P artia l Asymmetric Synthesis*4 as they are 
now known, i t  i s  necessary to generate a new asymmetric 
carbon atom in  associa tion  with the molecule o f a 
substance already o p tic a lly  active . The intermediate 
product so produced must not be subjected to any form 
o f an a ly tica l separation, and the or ig in a l o p tica lly  
active  m aterial must be removed leaving the new asym­
metric compound in  an o p tic a lly  active  s ta te .
Marckwald then claimed to have produced the f i r s t
p ositive  r e s u lt ,  but h is  work was severely c r it ic is e d
by Cohen and Patterson. Soon afterwards however,
£
Me Kenzie reported a ser ie s  o f undoubted asymmetric 
syntheses. I t  was found that the pyruvic esters o f 
(-)m enthol, (-)b o m eo l, and ( - ) amylalcohol a l l  yielded  
o p tic a lly  active  la c t ic  acid on reduction and
subsequent sap on ification .
CH^ COCOOR ----> CI^ CH(OH)CCX)R — » CH3CH(0H)C00H
active.
In the same publication Me Kenzie reported the 
asymmetric synthesis o f a tro la c tin ic  acid from benzoyl- 
formic acid by the d irectin g  agency of ( - ) menthol.
The action o f methyl magnesium iodide on (~)menthyl 
benzoyl formate g ives the two compounds
with an excess o f  (A) over (B). When the mixture was 
decomposed with ic e  and mineral acid the menthyl a tro -  
la c tin a tes  formed yielded on hydrolysis (-) a tro la c tin ic  
acid ( M p  -9.5° in  ethyl alcoholic so lu tio n ).
O ptically  pure (-) a tro la c tin ic  acid has -37,7* in  
the same solvent.
I t  i s  to be noticed that the f ir s t  stage in  a l l  
asymmetric syntheses o f th is  type i s  the production in  
unequal amounts o f two diastereoisom erides. In order 
to produce an asymmetric synthesis in  the sense of the 
term o r ig in a lly  defined by Fischer and by Marckwald 
and Me Kenzie, i t  i s  necessary to remove the orig in a l 
asymmetric centre, leaving the new asymmetric centre in  
an o p tic a lly  active  s ta te . Thus the action  o f methyl
^ c o o c 10H19
(A) and
10 19 
(+) (-)( - )  ( - )
magnesium iodide on (-)  benzoin apparently proceeds 
en tire ly  unsymmetrically, one only o f the two possib le  
diastereoisom erides (A) and (B) being iso la ted .
But th is  i s  not regarded as an asymmetric synthesis as 
the or ig in a l asymmetric carbon atom has not been 
removed.
Other in vestigators have since performed sim ilar  
experiments with equal success, but i t  should be 
noticed that in  a l l  cases hitherto recorded the opticalL  
a c t iv ity  o f the product i s  sm all, a fact which has led  
some authors to doubt whether v i t a l  syntheses are o f  
the same type. However, in  the present work asymmetric 
syntheses are described which resu lt in  products 
containing a much higher proportion o f one enantiomorph#
I I .  ASYMMETRIC INDUCTION
The fa c t  th a t asymmetric syn th eses are p o ss ib le  
was taken to  in d ic a te  some connection  between the  
s p a t ia l  co n fig u ra tio n  o f  the o p t ic a l ly  a c t iv e  d ir e c t in g  
agent used in  th e sy n th es is  and th a t o f  the new dissym ­
m etric m olecule formed. The a c tio n  o f  the force  which 
was assumed to a r is e  in  a l l  asymmetric system s, and to  
be capable o f  in flu e n c in g  an adjacent system  in  such a 
way as to  make i t  o p t ic a l ly  a c t iv e  was c a lle d  
* Asymmetric Induction* fo r  the f i r s t  tim e by Erlenmeyer 
in  1911.
©
In 1892 i t  was t e n ta t iv e ly  suggested  by Le Bel 
th at an unsaturated e th y le n ic  double bond might act as 
a cen tre  o f  o p t ic a l  a c t iv i ty ;  and Erlenmeyer la te r  
claim ed to  have is o la te d  cinnamic acid  and benzaldehyde 
in  o p t ic a l ly  a c t iv e  forms. The ro ta to ry  powers o f  h is  
products however were very  sm all and may have been due 
to  tra ces  o f  fo r e ig n  m atter; but h is  la t e r  claim  to  
have prepared (-)*/3-dibrom o-/3-phenylpropionic acid  by
brom ination o f  cinnamic aoid in  the presence o f  g lu co se
8or fr u c to se  appears to  r e s t  on a more secure  
foundation .
Q
In 1924 Lowry and Walker p ostu lated  th a t  
unsaturated chromophoric groups in  o p t ic a l ly  a c t iv e
molecules exhib it "Induced Asymmetry*’ i f  coupled 
su ff ic ie n t ly  c lo se ly  to the centre o f fixed asymmetry. 
The Drude equation expressing the complex rotatory  
dispersion  o f certa in  o p tica lly  active  ketones was 
found to contain one term whose d ispersion parameter 
corresponds c lo se ly  to the ketonic absorption band, and 
i t  was suggested that th is  term represents the 
contribution of the keto group towards the to ta l
rotatory power o f the molecule#
10McKenzie and M itchell sought to show t h e  presence 
of induced asymmetry in  the carbonyl group, in an 
ingenious s e r i e s  of experiments of the follow ing type i -  
< W 0  c o o c / 0 Hi a  +  c 6 h 5 c o  c o o c (^ h 1 9
in  e'qual quantities.
i
(-) (-) (+) (-/
C H CO COOC H + C JIJX)  COOC, 06 b 10 19 ® 5 10 19
in  unequal q u an tities.
The startin g  m aterials in  each case were esters of 
* ketonic acids and o p tic a lly  active  alcohols such as 
(-)  menthol or (+) & (-)borneol. A ll these esters  
displayed d e fin ite  mutarotation in  ethyl a lcoholic  
so lu tion , and some of them in  higher alcohols* 
Mutarotation was not displayed in  non alcoholic s o l­
vents such as benzene nor in  methyl alcoholic so lu tion
but i t  was found that the esters a fter  recovery from
an e th y l a lc o h o lic  s o lu t io n , on r e d is so lv in g  in  the  
s o lv e n t , showed the same i n i t i a l  ro ta to ry  power fo llow ed  
by th e same m utarotation phenomenon as b efore . The 
mechanism o f  th e m utaxotatlon process suggested  by th e  
in v e s t ig a to r s  was th a t , under the in flu en ce  o f  the f ix e d  
asymmetric c e n tr e , th e  cen tre  o f  la b i l e  asymmetry in  th e  
carbonyl group passed in to  an unequal m ixture o f  th e  (d) 
and ( 1 ) forms; but i t  i s  unfortunate th a t th e rauta~ 
r o ta t io n  may be ascrib ed  more sim ply to  coord in ation  
w ith  so lv en t m o lecu les, p a r tic u la r ly  as i t  has been 
observed on ly  in  h ig h ly  coord in atin g  so lv e n ts .
These experim ents led  McKenzie to  suggest that th e  
e th e r e a l so lu t io n  o f  (-*)m«xthyl benzoyl form ate used in  
th e  sy n th es is  o f  a tr o la c t in ic  acid  d escribed  in  the  
previous s e c t io n  a lready contained a m ixture o f
< W » - cooc'jA s  and C^GO.CQOC^^^
in  unequal amounts which, on ad d itio n  o f  th e  Grigaard 
reagent gave r i s e  to  a correspondingly  unequal mixture 
o f  th e  d la stereo iso m er ic  arignard com plexes. O p tica lly  
a c t iv e  benzoyl form ic aoid i s  not regarded as e x is t in g  
except in  c lo s e  con tact w ith  another o p t ic a l ly  a c t iv e  
m olecu le, as attem pts made to  r e so lv e  th e  acid  by 
c r y s t a l l i s a t io n  o f  i t s  a lk a lo id a l s a l t s  proved e n t ir e ly  
n eg a tiv e .
McKenzie has a c tu a lly  used t h i s  theory to  p red ict
the sign o f rotation  o f the product resu ltin g  from an 
asymmetric syn thesis. When the numerical value o f the 
rotatory power o f an oc-ketonic ester  increases during 
mutarotation in  a lcoholic  so lu tion , the substituted  
g ly c o llic  acid formed by in teraction  with a su itab le  
Grignard reagent should rotate the plane o f polarised  
lig h t in  the same sense as the in i t ia l  e s te r . m  the 
large majority o f cases th is  prediction has been 
rea lised . I t  i s  demonstrated in  a particu larly  
str ik in g  way by the synthesis of anisylmethyl g ly c o llic  
acid^1. (~)Menthyl enisylformate shows an increase in  
laevorotation  in  isobutyl a lcohol, and i t  was 
consequently predicted that the acid obtained from i t  
by the action of methyl magnesium iodide would be la ev o -  
rotatory. On the other hand, (~)menthyl pyruvate 
decreases in  laevorotation in  alcoholic  solvents and 
should therefore g ive r is e  to the same acid in  i t s  
dextrorotatory form by the in teraction  o f an isyl 
magnesium bromide. This proved to be the case, and as 
the enantiomorphoue forms o f anisylm e+ h y lg ly co llic  acid  
are le s s  soluble than the racemic mixture, each hand 
separated from benzene in  an o p tica lly  pure s ta te .
(-) 
3,0B
( °y CILMgl)
CSaO-^V00*0000^ ^
CH30.Ct H, */0H 
CHty vCOOH 
M “ -6 1 .7 ”
(c=4 in  ethyl alcohol)
(-)
CH3.CO.COOCj0 H|(?
(by CH30.Cfe H^ MgBr)
CH» \*^ .OH C
CH30.CfcF ty  +OOH
r  -.25 *
M d -*-61.0
(c=4 in  ethyl alcohol)
+2P h illip s  and Kenyon c lea r ly  demonstrated the 
p o ss ib ility  of o p tica l a c t iv ity  due to the presence of 
an atom to which only three groups are attached, by the 
reso lu tion  o f sulphinic esters (I) and unsymmetrioal 
sulphoxides ( I I ) .
I II
- + /O R
0 — S ?
\ ) , H 7
—  + /OH©
0 —
XC6 H^ COOH
There i s  strong th eoretica l and experimental 
support for the existence o f semipolar double bonds in  
these compounds, which may thus be formulated
R : 0 rV s 0:
X .
R'
and the ten ta tiv e  suggestion put forward by P h illip s  
and Kenyon was that the lone pair of electrons on the 
sulphur atom acts as a fourth ra d ica l, and the asymmetry
in  the compound is  o f the same type as that shown by a 
compound containing a tetravalent carbon atom.
This view does not read ily  lend i t s e l f  to the idea  
that the carbonyl group or ethylenic double bond can 
reta in  anything more than a transient asymmetry; for on 
th eo retica l grounds Sugden, Reed and Wilkins sta te  that 
semi polar double bonds are not found when th eir  e x is t­
ence would n ecessita te  the presence of a sextet around 
one or other of the carbon atoms concerned; that i s  to  
say, the arrangements
R * C x 0 : and R r C*; C ; H
X*  ' *  X»  X*
R H H
could not in  any case be considered stab le  ones.
I t  is  also to be noticed that only in  the case o f  
an assumed polar ethylenic compound where two types o f  
tricovalen t carbon atoms would e x is t ,  could the 
postulated asymmetric carbon atom possess a lone pair 
o f electronsj and a stab le  o p tica lly  active carbonyl 
group i s  consequently not to be expected, even, i f  under
some conditions, the double bond could be semipolar.
14-Bergmann and Tschudnowsky sta te  that the e x is t ­
ence o f a semipolar double bond need not be postulated
in  order to explain the asymmetry of the sulphoxides.
They have shown from measurements o f the dipole moments
th a t the oxygen atom In a su lphoxide doea not l i o  in  
th e  same plane ae th e  sulphur atom, end I t s  two 
attached  r a d ic a ls .  They suggest th at th e  en a n tio -  
morphlc forms o f  the su lphoxide could be represented  
as fo llo w s
A s im ila r  view  could a lso  be applied  to  th e carbonyl 
and e th y len ic  groups end would be fr e e  from th e  
n e c e s s ity  o f  assuming p o la r ity  o f  th e  bonds, but os 
t h i s  d is to r t io n  would in v o lv e  a s tr a in  on th e  va len cy  
bonde, i t  could on ly  bo assumed to  a r is e  under the  
d ir e c t  in flu e n c e  o f  an a sso c ia ted  asymmetric carbon atom.
X f iW allis and Adams d if f e r e n t ia t e  c le a r ly  between 
th e  two typ es o f  tr ic o v a le n t  carbon ra d ica ls*
■  * ,  “
1 R ,:c  :X "Carbanion* II
-
•Cerbonium io n 11 
On tr e r t in g  (-)i2 ~ p h en y l-i2 -/3 -b en zo ? a n th en cth io g ly co llic  
acid  ( l )  w ith  sodium in  liq u id  ammonia
14 .
H
^H5 SCH^COOH
(i) ( i l l )
th ey  show th a t th e r e s u lt in g  product i s  o p t ic a l ly  
a c t iv e .  The in term ed iate product ( i i )  i s  a tru e  
carbanion and must have been ab le  to  r e ta in  asymmetry 
w h ile  e x is t in g  in  th e fr e e  s ta t e .  This seems to  show 
th a t in  th e  ca se  o f  a carbanion th e th ree  carbon va len cy  
bonds are not co planar.
On th e o th er  hand, when th e  same r a d ic a l i s  
produced as a c a tio n  by a d d itio n  o f  s i lv e r  n itr a te  to
( i)
(-)
A
C6H5 SCWCOCH
in a c t iv e
th e  r e su lt in g  product i s  t o t a l ly  in a c t iv e ,  showing 
th a t  a earbonium ion  in term ed iate i s  incapable o f  
m aintaining asymmetry and i s  th ere fo re  probably 
cop lanar.
Walden in v ers io n  re a c tio n s  have y ie ld ed  fu rth er  
in form ation  on t h is  jo in t*  I t  has been shown th at where 
th e asymmetric carbon atom i s  l e f t  as a oarbonium c a t io n  
by th e  removal o f  an attached  r a d ic a l th e incoming group
a tta ch es  i t s e l f  in  such a way as to  produce in v ers io n  
o f  co n fig u ra tio n  o f te n  accompanied by a h igh  degree o f  
racem isa tion . I f  however th e  d isp la ced  group i s  
removed as a c a t io n , le a v in g  th e  asymmetric carbon atom 
ae a “carb an lon ', o p t ic a l  a c t iv i t y  i s  la r g e ly  maintained  
and no in v e r s io n  o f  co n fig u ra tio n  r e s u lt s .
S in ce th e  work o f  Brlenmeyer, th e id ea  o f  asym­
m etric Induction  has been used e x te n s iv e ly  in  
th e o r e t ic a l  d isc u ss io n  but in  s p it e  o f  attem pts by many 
in v e s t ig a to r s ,  u n le ss  th e recen t p u b lica tio n  o f  H i l l s ,  
Kenyon and I h i l l l p s  may be regarded as su ch , no s in g le  
P iece o f  experim ental evidence has been forthcom ing, 
which d e f in i t e ly  proves i t s  e x is te n c e  w ithout th e
p o s s ib i l i t y  o f  a lte r n a t iv e  exp lan ation s.
16In t h i s  paper H i l l s ,  Kenyon and H i i l l ip e  show 
th a t (+) c tV ^ ia e th y la lly l  ch lo r id e  prepared from 
( - )  c ^ -d im eth y la lly la lo o h o l i s  hydrolysed by oold water 
to  form a ( - ) -a lc o h o l p ossessin g  o p t ic a l  p rop erties  
q u ite  d if fe r e n t  from th o se  d isp layed  by th e  o r ig in a l  
a lc o h o l. I t  was shown th a t on reducing th e new a leoh o l 
w ith  hydrogen over a platinum c a t a ly s t ,  o p t ic a l  
a c t iv i t y  d isappears com pletely  w ith  removal o f  th e  
double bond, w h ile  th e o r ig in a l ( - ) -a lc o h o l on 
red u ction  by th e same method r e a d ily  gave th e  corres­
ponding sa tu rated  a lco h o l in  an almost o p t ic a l ly  pure
condition.
* * * * . * 
CH30H(0H)CHtCBDHs *-? CH^CBCl.CHiCBCR^ CH3CH(0H)CHiCHCH3
The only exp lan ation  o f  t h is  phenomenon appears to  be 
th a t during the process o f  h y d r o ly s is  9 th e o r ig in a l  
cen tre  o f  asymmetry i s  com pletely  racem ised , leav in g  
a compound which owes i t s  o p t ic a l  a c t iv i t y  to  induced 
dissymmetry in  th e  double bond. I f  t h is  i s  th e c a se ,  
th e new produet i s  su r p r is in g ly  s ta b le  § as i t  r e ta in s  
i t s  o p t ic a l  a c t iv i t y  fo r  many days a fte r  preparation . 
The o p t ic a l  behaviour o f  ( - ) im e th y la lly la lc o h o l  
i t s e l f ,  however, i s  q u its  d if fe r e n t  from th a t o f  o th er  
members o f  th e  same s e r ie s ,  ot Y~dimethyl a l ly  la lc o h o l  
d isp la y s  complex ro ta to ry  d isp e r s io n , w h ile i t s  e s t e r s ,  
and th e  r e la te d  a lco h o ls  <x~phenyl~ ^ -m eth y la lly la lcoh o l 
end Y -phenyl-oum ethylally la lcohol and th e ir  e s t e r s ,  a l l  
d isp la y  sim ple d isp e r s io n .
I I I . TAUTOMERISM.
Since Laar f ir s t  drew attention  to i t  in  1885, the 
structural isomerism displayed by acetoacetic ester  
has become the c la s s ic a l case o f tautomerlsm. The 
structure to be ascribed to th is  compound was one o f  
the long debated problems o f organic chemistry: one
school o f thought b eliev ing  with Geuther that the 
molecule was best represented by
CH^ C(OH): CHCOOC^ Hs 
while Frank land and others held that the compound was 
a ketone
CH3C0.CHi .C0.0CaH5 
The substance displays the properties both o f a  ketone 
and o f an alcohol: on hydrolysis with d ilu te  a lk a lies
i t  y ie ld s  acetone, and with nitrous acid ison itroso  
acetone is  formed, while on the other hand acetoacetic  
ester  readily  forms a  sodium sa lt  and a  cry sta llin e  
copper s a lt .
The question was f in a lly  set at rest by the
17separation o f two isomeric compounds by Knorr who 
succeeded in  freezing out the pure ketonic form by 
cooling concentrated solu tions to -78 °C. This form 
separates in  cry sta ls  m. p. -39° and gives no immediate 
colouration with ferr ic  chloride. The enol form, which
g ives an in tense colouration with ferr ic  ch loride, i s  
separated by treatin g  the sodio derivative with dry 
hydrogen chloride at -78° C.
Since 1885 many other cases o f tautomerism have 
come to l i g h t , a very important section  o f which have 
been those o f the keto—enol type o f which acetoacetic  
acid i t s e l f  is  a  good example. The types o f tautomerism 
vary a great deal in  la b i l i t y  and in  the equilibrium  
p osition  o f the isomers. In some cases the v e lo c ity  
of interconversion o f the isomers i s  so great that the 
individuals cannot be Iso la ted , or i s  so small that the 
change i s  unnoticed except in  the presence o f ca ta ly sts  
or under the influence o f higher temperatures. In 
others the p osition  o f equilibrium may be so one-sided  
that the r e v e r s ib ility  may read ily  escape detection .
In view of the extreme m obility o f many of the 
dynamic isomers i t  i s  evident that chemical methods 
for determining the p osition  of equilibrium are of 
lim ited  app lication , as the reagents used are lik e ly  
to upset the equilibrium by removal of one isomer.
In these cases physical methods present the only means 
o f attack.
I t  has been found that in  keto-enol trans­
formations, solvents e ffe c t  the p osition  o f equilibrium: 
while a r is e  in  temperature usually  favours production
o f  the kevo form, showing th at th is  form has the g rea ter  
energy oontent.
D en sity  and volume changes have been applied  to  
t h i s  type o f  change, Bchaum18  observing th a t fr e sh ly  
d i s t i l l e d  a c e to a c e t ic  e s te r  acquires a d if fe r e n t  d e n s ity  
on stan d in g . R efr& ctiv ity  and d isp er s io n  changes have 
a lso  been a p p lied , w h ile  a study o f  changes in  o p t ic a l  
ro ta to ry  power has been used w ith  g rea t euoeees by 
Lowry19 in  th e  in v e s t ig a t io n  o f  n itr o  camphor and 
bromonitrocamphor.
Many view s as to  th e  nature o f  tautom eric changes 
h ere been put forward; Laar, r e fe r r in g  e s p e c ia l ly  to  
k eto«enol tran sform ation s, held  th a t th e m obile hydrogen 
atom was in  a s t a t e  o f  con stan t o s c i l l a t io n ,  so th at  
both forms might be regarded as present in  th e  substance  
in  a la b i l e  s ta te :  on th e  o th er extreme Lowry holds
th a t * dynamic isomerism" i s  m erely a s p e c ia l  case  o f  
ordinary isom eric change, where th e  re a c tio n  con d itio n s  
are such that th e change i s  r e v e r s ib le . Lowry p oints  
out th a t in  many oases th e  presence o f  a c a ta ly s t  i s  
e s s e n t ia l ,  and shows th a t th e  e n o llc  form o f  benzoyl 
camphor in  chloroform  s o lu t io n  w i l l  remain unchanged 
fo r  a long p eriod , but th a t th e dust o f  th# lab oratory  
o r  th e s o f t  g la s s  o f  a polarim eter tube i s  s u f f ic ie n t  
to  s ta r t  th e  transform ation .
In 1892 Y islicenus c learly  expressed for the
f i r s t  time the ion ic theory of tautomerlsm. In h is
a r t ic le  ,fUber Tautomerie* he points out that the
m obility o f a tautomeric change i s  greatly  affected
by the d isso c ia tin g  power of the medium, and comes to
the conclusion that the interoonversion o f the forms i s
#
preceded by lib era tio n  o f mobile hydrogen as a cation#
Movement o f the bonds in  the anion then occurs followed
by recombination of the hydrogen in  a new position .
21 ' 1J.W. Bruhl found that the v e lo c ity  o f conversion o f  
ethyl n esity lox id e  oxalate from the enollc to the 
ketonic form is  c lo se ly  related to the d ie le c tr ic  
constant o f the medium. The importance o f the nature
o f  the attached groups upon the ease o f d isso c ia tio n  o f
22the mobile hydrogen was pointed out by C laisen who 
formulated the rule that '•the enol i s  the more e a s ily  
formed the more negative is  the character o f the acid 
radical united to the methylene group*.
Between 1920 and 3 926 many papers bearing upon the 
subject o f mobile hydrogen tautomerlsm were published by 
Ingold, Kon, and others, which had a sp ec ia l bearing 
upon the influence o f  structural conditions upon the 
m obility and equilibrium o f the reversib le  changes.
Uhder the name o f mobile cation tautomerlsm or 
eationotropy the whole matter was reviewed, attention
O 0
being esp ec ia lly  directed towards lt two carbon systems •' 
o f the general type
© © 
—? x — y —  z —» x = = y — z
and ,f three carbon systemsw where the hydrion, on
0
removal from the system leaves an anion, CtC.CrC.O 
which, as a resu lt  o f tautomeric electron ic d isp lace­
ment, resu lts  in  eith er o f two m odifications!
ci Q
CgC.C.CiO or C.C1 C.C1Q ; the returning cation  having 
the choice o f two positions of re-entry.
A convenient system of representing the d isp la ee-  
ment o f electrons was adopted* C=C-0 representing the 
displacements g-
fv .^. R R j ,
Bj-Cx-'C :0  -H — > Bj& '-Cr.O:
Below i s  an example of the type o f system 
investigated  as a member of the three carbon system.
/CH^ — sl ow .CEft—CHw
CH/ ^C-CH-CrCH  ^ CH,/ ;C=CH-CO-CH,
CHj—CHa 6H CHj—CH©
Ij' rapid
> * C H a-C0-CH3
I t  was found that the activating e ffic ien cy  o f groups
2 2.
te rm inating  the three carbon system may be represented 
by the sequence
CQ.CH^  > COC1 > COOE > COOH 
which i s  also th e  sequence arranged in  order o f meta­
d irecting  power in  organic su bstitu tion . This connect­
ion i s  ju s t if ie d  from th eoretica l considerations, as in  
both cases the activating e ffe c t  may be traced to the 
a b il ity  o f the oxygen atom in  the terminal group to 
act rs the seat of a negative  charge.
The successfu l elucidation  o f many d if f ic u l t ie s  
with regard to cationotropy naturally led investigators  
to study the conditions under which tautomerlsm of the 
opposite type, 19mobile anion tautomerlsm11 takes place. 
Here the mobile group separates as an anion, leaving  
an electrom eric cation  in  which the p ositive  charge
tends to red istr ib u tion .
22In 3927 Ingold began an in vestiga tion  o f the <*- 
and IfUnetliylallyl alcohols as a case of mobile anion 
tautomerlsm affording an in terestin g  p ara lle l with the 
mobile cation  tautomerlsm under in vestiga tion  at that 
tim e.
His work led him to postulate that the f a c i l i t y  
with which X separates as an anion in  the following  
system *X X
R -.OH -"CH'-  C H ^  R-,CH -  CH -  CH*
deoemds*
( 1 ) on th e  in t r in s ic  s t a b i l i t y  o f  X as in d ica ted  fo r  
example by th e  stren g th  o f  th e acid  H i.
( 2) on th e presence o f  ex tern a l c a t io n s , or  in  th e ir  
ab sen ce, on th e  polar f i e ld  o f  the n eu tra l so lv en t as  
in d icated  by i t s  d ie le c t r ic  con stan t.
(3) th e a b i l i t y  o f  R to  supply e lec tro n s  to  the  
d ep leted  carbon atom as shown by i t s  o -> -o r ten tin g  
power in  aromatic su b s t itu t io n .
24
In 1928 a paper by Ingold and Burton appeared , 
in  which m obile anion tautomeriem in  su b stitu ted  
a l ly la lc o h o ls  was in v e s tig a te d  w ith  referen ce  to  the  
e f f e c t s  o f  th e group© R and R* on the m o b ility  and 
eq u ilibrium  o f  th e system*
R CHK .CHiCH R1 IUCH:CH.CBX.Rf
i
where T i s  th e m igrating anion (OH, C l, OAc e t c .)
I t  see  fount" that in  the system  
I  Ifc ~}CH - + r i « CH, ? = *  m -  CH « CH -  CH, I I
(I 1 P
OH OH
th e  degree o f  m o b ility  i s  not very  g re a t. The a lco h o ls
can be obtained as sep arate in d iv id u a ls  and each g iv e s
a c r y s t a l l in e  p~nitrobenzoate d e r iv a t iv e . Burton and 
Ingold were unable to  transform  (I )  in to  (I I )  by means 
o f  d i lu te  su lp h u ric a c id . The a lcoh o l (I )  however, i s  
smoothly converted in to  th e a c e ta te  o f  (I I )  by b o ilin g
w ith  a c e tic  anhydride, while the two alcohols give the 
same cr y sta llin e  bromide, cinnai^yl bromide.
The p -to ly l analogues o f (I) and (II) also ex ist  
separately , but the former i s  converted by acetic  
anhydride into the acetate o f the la t te r  more readily  
than in  the phenyl s e r ie s . Smooth conversion into 
substituted c inn amyl bromide occurs when the p—to ly l  
analogue o f (I) i s  treated with cold hydrogen bromide 
in  acetic  acid so lu tion . The tautomerism is  therefore  
rather more la b ile  in  the case o f the T>-tolyl 
substituted  analogues than with the alcohols (I) and
( II) thems e lv es .
In the case where R i s  methyl and Hf is  hydrogen 
the f a c i l i t y  o f the tautomerism proves to be perceptibly  
le s s  than in  the phenyl se r ie s . In the system
Me —5>C — CH * CH^  CH3 -  CH * CH -  CHX
OH I I I  IV OH
each alcohol y ie ld s  i t s  own acety l derivative on b o il­
ing with acetic  anhydride. Furthermore both alcohols 
y ie ld  an equilibrium mixture o f isomeric chlorides in  
which the chloride o f (IV) i s  the main constituent.
I t  was suggested that the greater fa c i l i ta t io n  o f  
the isomeric change by the phenyl group, than by the 
methyl group, was due to the more complete n eu tra lis­
ation  o f the p o sitiv e  charge l e f t  on the cx-carbon atom
by th e sep a ra tio n  o f  th e anion in  th e former th e
phenyl group p o ssess in g  th e  lo o se r  e le c tr o n ic  system .
I f  t h is  h y p o th esis  be co r rec t th e  C ^ C IC p) group
should show a stron g  a c t iv a t in g  e f f e c t  in  comparison
w ith  th e  p-CH3C6 h^—=> group, fo r  on ly  in  th e  former ea se
i s  a lone p a ir  o f  e le c tr o n s  a v a ila b le  to  supply th e
d e f i c i t  o f  e le c tr o n s  on th e  oc*earben atom l e f t  by
removal o f  th e  anion X.
I t  was found th a t in  th e  p-chloxo s e r ie s  
nOH
CH +CH -  CH -  CbH5
T
^  C X ^ C ^ *  Ch -'CHa-  CH -  H5
r m
not on ly  th e  a c e ta te s , but the a lo o h o lb them selves 
passed in to  th e  equ ilibrium  m ixture, ( T i l l )  being th e  
major component.
This e s ta b lis h e s  th e  order o f  f a c i l i t a t i o n  o f  
th ree  carbon anlonotropy by “-s u b e t i tu m ts  as  
rciC j,^ »  rttsCfciu > ct H5 »  ch 3 > h
which a g rees , as i t  th e o r e t ic a l ly  sh ould , w ith  the  
o~p~orlen tln g  sequence c l  > He > H Inferred in  the  
ordinary way from th e proportion  o f  isom eridee formed 
in  beneene s u b s t itu t io n . In eaoh oe.se th e  a c t iv i t y  o f  
a r a d ic a l depends upon i t s  o a p a b lllty  o f  noting cs  an 
e le c tr o n  donor, or in crea s in g  th e  to le r a t io n  o f  th e
ol-crrbon atom for a shared sex te t.
In 1928 Burton investigated  th is  type o f
tautomerism with sp ec ia l reference to the fa te  o f the
(1) * concomitantly with the elim ination of X, i t s
equivalent, derived from an assumed ca ta lyst 9 such as 
HI, may be introduced in  the new position  by an internal 
c y c lic  process.
(2) X leaves the molecule as X in  combination with a 
ca ta ly st (e .g . solvent molecule) to be returned subse­
quently to the electrom eric cation  derived from 
another molecule.
R.CHX.CH:CHRf ^  RCH.CHiCHR/
I ©
JiN V + X (ca ta lyst)
<£>
R.CHtCH.CHXR* RCHiCH.CHRy
Hypothesis (2) ra ises  the question as to whether 
the departing anion combines with the solvent by form­
ation  of a coordinate lin k  or whether the formation o f  
residual e lectrova len cies arising  from attraction  due 
to external molecular f ie ld s  (*molecular combination1',
’*dipole assoc ia tion ” e tc .)  would su ff ic e . Furthermore 
the v o la t i le  n o n -sa lt-lik e  character of the anionotropic
anion and examined the follow ing hypothesis.
* RC
©
substances ind icates that ion ization  o f X might not be 
followed by d isso c ia tio n  of the ions; so that X might, 
throughout the isomeric change, remain in  electrovalent 
associa tion  with the cation  o f the molecule which gave 
r is e  to i t .
Thus the possib le m odifications o f mechanism (2)
are
(2a) Covalent in teraction  with c a ta ly s t , and ionic  
d isso c ia tio n .
(2b) Molecular association  with the ca ta ly st and ion ic  
d isso c ia tio n .
(2c) Covalent in teraction  with ca ta ly st; ion ization  
but no d isso c ia tio n .
(2d) Molecular associa tion  with ca ta ly st; ion ization  
but no d isso c ia tio n .
In the system s -
O.CO.C6H^ SK)x O.CO.C^ H^ HO^
Ifc.CH.CHtCH* ^  Ph.CH:CH CH^
I II
( i)  oi-lhenylallyl-p-nitrobenzoate may be l e f t  some 
months in  acetic  acid without change, or in  acetic  acid  
containing a few drops o f 30# hydrobromic acid or 
alcoholic hydrochloric acid . These observations t e l l  
against mechanisms ( i)  , (2a) , and (2c) for which eith er  
a weak or strong aoid ought to furnish the best ca ta ly st.
( i i )  W ith  b o ilin g  acetic anhydride ( I)  passes smoothly 
in to  i t s  isomerlde — t h is  t e l l s  against mechanism (1) as 
i t  would lead to the production o f the isom eric acetate.
( i i i )  Carboxyl groups are weH known fo r  the fa c i l i t y  
w ith  which they form covalent add ition  compounds w ith  
anions, and the c a ta ly tic  a c t iv ity  o f acetic anhydride 
may be due to t h is  cause (2a) f (2c). The d ie le c tr ic  
constant o f acetic anhydride i s  h ig h , 20 .5 , and i t s  
externa l e le c tric  f ie ld  as measured by the molecular 
dipole moment must be h ig h . T h is  might also be the 
cause o f i t s  a c tiv ity . (2b) , (2d).
( iv )  B e n z o n itr ile  has a high d ie le c tr ic  constant but 
does not coordinate re a d ily , and in  t h is  so lvent conver­
s io n  occurs ju s t  as re ad ily . (2b ), (2d).
(v) m  chlorobenzene (d ie le c tr ic  constant ^ ) which i s  
s t ru c tu ra lly  incapable o f forming a covalent union w ith  
an anion, the isom eric change occurs smoothly but more 
slo w ly  (2b ), (2d).
From th is  evidence i t  now appears th a t the decision re s ts  
between (2b) and (2d).
u-Fhe ny la lly l-p -n itro b enzoa te  was the re fo re  heated in  
acetic anhydride containing acetate ions supplied by the  
add ition  o f tetramethylammonium acetate. A m ixture o f  
the p-nitrobenzoate and the acetate was produced, a 
re s u lt  which favours (2b).
I t  was the re fo re  suggested th a t the anion combines 
e le c tro s ta tic a lly  w ith  the c a ta ly s t, according to 
mechanism (2b).
IV. ASYMMETRIC SYBTHESIS IS  AMIPROTROPIC CHARGES
The re so lu tio n  o f the isomeric c^phenyl-Sf-methyl- 
a l ly l  and y-phenyl-oc-methylallyl a lcohols, and the 
study o f th e ir  tautomerism, was undertaken w ith  the 
object o f in v e s tig a tin g  the nature o f the dissymmetry 
induced in  the double bond by the centre o f fixe d  asym­
metry contained in  the molecule. R e su lts  obtained in
the in v e s tig a tio n  o f cxY-dimethylallyl alcohol by H i l l s ,
2 6Kenyon and P h i l l ip s  , led to the b e lie f th a t an 
o p tic a lly  active product would re s u lt  from the Isomeric 
change. T h is  expectation was f u l ly  re a lise d , and i t  
was found th a t the hydrogen phthalic e s te r o f a-phenyl- 
JM nethyla lly l alcohol changed in to  the isom eric e ste r 
containing 87.39* one o p tic a l enantiomorjh.
The tautomeric change 
H
I  a  — C - “CH i CH«-M * -  CH j CH -  CH«—Me I I
t '  IOH OH
also proves to be an exceptionally convenient system 
fo r  in v e s tig a tio n  as an example o f anionotropy, fo r  
the reason th a t the more reactive e ste rs o f cx-phenyl- 
Y-m ethyla lly l alcohol change in to  th e ir  isomers at 
ord ina ry  temperatures e ith e r in  so lu tio n , o r ( in  the  
case o f the hydrogen phthalic  este r) in  the c ry s ta llin e
s ta te . By using o p tic a lly  active compounds t h is  change 
can re a d ily  be followed ro le r im e tr ic a lly , thus g iv ing  
an accurate and convenient method o f studying the 
reaction.
T h is  f in e r  method o f in v e s tig a tio n  has confirmed 
the general p rin c ip le s elucidated by e a r lie r  in v e s t i­
g a to rs , b u t, as i s  o fte n  the case, has d isclosed  
co ntrad ic tions and anomalies, showing th a t the e a r lie r  
and simple ru le s  are in s u f f ic ie n t  to  determine a l l  the  
behaviour o f the tautomeric system.
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Prepara tio n  and R e so lu tio n  o f the Isomeric A lcohols.
V-Ph eny 1-cx-m et hy 1 a l l  y l  alcohol was prepared by the  
in te ra c tio n  o f cinnamaldehyde w ith  a Srigna ra  complex 
formed by the a dd ition  o f methylbromide to magnesium, 
and had b.p. 129-131^11 mm., m. p. 33°. I t s  re so lu tio n  
was effected by means o f the fra c tio n a l c ry s ta l l iz a t io n  
o f the clnchonldlne and brucine s a lt s  o f the hydrogen 
phthallc  e s te r. The o p tic a lly  active carb ino l i s  a 
b e a u tifu lly  c ry s ta ll in e  compound, and showed no tend­
ency to undergo m utarotation e ith e r in  so lu tio n  o r in  
the fused s ta te . Prom i t  the acetate, p-nitrobenzoate, 
hydrogenphthalate and p-xenylurethane were re a d ily  
prepared in  an o p tic a lly  active cond ition . In  order to  
prove i t s  c o n s titu tio n  and to show tha t the re so lu tio n  
had been complete, Y-phenyl-oum ethylaUylalcohol was 
reduced to  the corresponding saturated ca rb ino l. The 
product was shown to be o p tic a lly  pure V-phenyl-oc-
m ethylbutylalcohol which had been resolved p reviously
27by Pickard and Kenyon .
w -Phenyl-V-m ethyla lly la lcohol was prepared by the  
in te ra c tio n  o f orotonaldehyde w ith  the Grignard complex 
formed by the add ition  o f bromobenzene to magnesium.
In  attempting the reso lu tion  of cx-phenyl-Y-methylallyl- 
alcohol, i t  was found that the usual method of preparing 
the acid phthallc ester  ( i . e .  heating with phthallc
anhydride and pyrid ine  on a steam bath) re su lte d  in  the  
production o f the pure Y-phenyl-ownethylallyl e ste r.
The isomeric e ste r was also produced when the reaction  
m ixture was allowed to  stand 14  days at room temperature. 
I f  however the reaction m ixture i s  kept at 40-45* fo r  
2 .5  hours the product i s  a hydrogen phthalic e ste r 
m. p. 94&. Mixed w ith  ¥-phenyl-os-met hyla lly lhydrogen  
phthalate (m. p. 93°) the m elting point i s  also 93°.
Bu t the form er product appeared to be le s s  so lub le in  
organic so lve n ts than th a t prepared from the isomeric  
alcohol. I t  was found th a t the new hydrogen phthalic  
e ste r would not give a c ry s ta ll in e  cinchonidine s a l t ,  
but re a d ily  gave a c ry s ta ll in e  quin id ine s a l t ,  w hile  i f  
i t  was heated w ith  pyrid ine  at 95* fo r  two hours, o r i f  
i t  was sim ply brought to i t s  m elting p o in t, the product 
no longer gave a qu in id ine s a l t ,  but re a d ily  formed a 
c ry s ta llin e  s a lt  w ith  cinchonidine which proved to be 
th a t o f )(-phenyl-c<*-methyl8llylhydrogenphthalate. I t  
was the re fo re  assumed th a t th is  new e ste r was the 
hydrogen phtha lic  e s te r o f <x-phenyl-Y-methylallyl- 
alcohol, and tha t i t  instantaneously changed in to  
Y-phenyl^-m ethylrllylhydrogenpihthalate at the m elting  
point o f the la t te r .  From i t s  sparing s o lu b i l i ty  i t  
would appear th a t i t s  re a l m elting point would be 
considerably higher than 94°.
Three c ry s ta ll iz a t io n s  o f th© qu in id ine s a lt  
re su lte d  in  the pure d—q uin id ine—1—phthal ate s a l t ,  and 
the active hydrogen phthalic e s te r, a c ry s ta llin e  body 
m.p. 82° was prepared by decomposition o f the s a lt  w ith  
acid, care being taken to keep the so lu tio n s  ice-cold, 
and excess o f acid c a re fu lly  avoided.
The re so lu tio n  o f ot-phenyl-!(.-niethylallyl alcohol 
was shown to  be complete, and i t s  c o n s titu tio n  proved 
by reducing the ( - ) -alcohol to  the corresponding 
saturated alcohol. Pheny 1-n-propylcarbinol was produced
15°
having M  +40.9*5 1»2. c ,2 .0  in  benzene, and proved toSo 7 0
be a b e a u tifu lly  c ry s ta llin e  compound m.p. 46°.
Levene and Marker obtained 1-phenyl-n-pro p y l-  
carb ino l by fra c tio n a l c ry s ta l l iz a t io n  o f the strychnine  
s a lt  o f i t s  hydrogen phtha lic  e ste r w ith  M s„ s-35*8° in  
benzene s o lu t io n , but made no mention o f i t s  property 
o f s o lid ify in g . An attempt was th e re fo re  made to  e ffe c t 
a more complete re so lu tio n . d l-Phenyl-n-propylcarb inol 
was re a d ily  prepared by the ordinary (Jrignard method, 
and resolved by fra c tio n a l c ry s ta l l iz a t io n  o f the 
quin id ine s a lt  o f the hydrogen phthalic  e s te r, when i t  
showed M ^ + 4 3 .6 ; 1 ,2 : c ,4 .79  and re a d ily  s o lid if ie d  to  
a mass o f long needles m.p. 46°C.
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Hydro ly s is  o f the Hydrogen P h th a llc E s te rs .
In  the case o f the d-Y-phenyl-^um ethylallyl 
hydrogen phthallc  e s te r i t  was found tha t when hydro­
ly s i s  was attempted w ith  aqueous caustic soda o r sodium 
carbonate, the re s u lt in g  carb inol was always o f low 
a c tiv ity .  The more d ilu te  the a lk a li the lower the  
ro ta to ry  power o f the re s u lt in g  alcohol. When however, 
the h y d ro ly s is  was effected in  hot a lcoholic caustic  
soda, the carb ino l was produced in  good y ie ld  and in  
an almost o p tic a lly  pure condition.
In  the case o f cx-phenyl-K-methylallyl hydrogen 
phthalate, h y d ro ly s is  w ith  aqueous a lk a lie s always 
gave r is e  to  a m ixture o f the almost completely 
racemised isom eric a lcohols. H yd ro lysis  w ith  alcoholic  
so lu tio n s  o f sodium hydroxide containing some water, 
re su lte d  in  some iso m e risa tio n , but h y d ro ly s is  in  a 
so lu tio n  in  absolute alcohol re su lte d  in  o p tic a lly  
pure cu-riienyl-y-m ethyla llyla lcohol in  good y ie ld .
The modern view o f a lka line  sa p o n ific a tio n  o f
carboxylic e ste rs  haa been defined by E .H . Ingold and
29C.K. Ingold as fo llo w s t —
* 0  © / 0  0  
— CT + OH -> — C — OH _C  +  OR
X0R X0R OH
OR9 + Ha0 - *  HOR + OH® /
and i s  c o nsisten t w ith  the fa c t th a t a Walden in v e rs io n  
i s  not observed during the sa p o n ific a tio n  o f carboxylic  
e ste rs  o f o p tic a lly  active alcohols.
However, the fa c t th a t in  the case o f Y—phenyl-oc- 
m e th y la lly l hydrogen phthalate, h y d ro ly s is  w ith  d ilu te  
aqueous a lk a li re s u lt s  in  considerable raeem isationj 
and in  the case o f oc-phenyl- Y-m ethyla lly l hydrogen 
phthalate re s u lt s  in  a racemic m ixture o f the two 
isomeric a lcohols, seems to ind icate th a t in  these 
cases an a dd itiona l mechanism i s  acting, which leads to  
the actual removal o f the rad ica l R as a cation. The 
explanation o f t h is  phenomenon probably l ie s  in  the 
extreme m o b ility  o f the negative hydrogen phthalic  io n  
in  the case o f these compounds which i s  probably g re a tly  
enhanced by the presence o f a so lvent o f hig^t d ie le c tr ic  
constant such as water. The tendency o f RO to become 
an anion i s  a process analogous to p ro to trop ic  change
ra th e r than to  anionotropy, as the la t te r  would lead
to the separation o f the ra d ica l R as a cation. I t
i s  fo r  th a t reason th a t a powerful c a ta lyst fo r  the
pro to trop ic  change such as strong aqueous a lk a li o r 
preferab ly alcoholic soda, favours the normal 
mechanism o f sa p o n ific a tio n , w hile d ilu te  aqueous 
so lu tio n s  o f a lk a lie s  are in e f f ic ie n t  in h ib ito rs  o f the  
anionotropic change, and lead to a type o f reaction
analogous to  the replacement o f the hydrogen phthalic  
ion  oy th a t o f acetic acid in  so lu tio n  o f the anhydrous
acid.
In  the same paper Ingold and Ingold show th a t in  
the  le s s  mobile anio no tro p ic  system
both acid and a lka lin e  h y d ro ly s is  o f the carboxylic  
e ste rs  y ie ld  the corresponding alcohol unmixed w ith  i t s  
isomer; a re s u lt  which leads them to  postu late as a 
mechanism fo r  aold h y d ro ly s is  o f carboxylic e ste rs as 
a whole t
T h is  reac tion  serves to  ind icate the marked increase in  
re a o t iv ity  o f cx-phenyl-Y-methylallyl e s te rs  over those  
o f (^-m ethyla lly la lcohol, as in  the form er case the  
sm allest trace o f acid in i t ia te s  a rapid rn ionotrop ic  
change.
CH.Me.CHtCEL
I
-CO.OR + H CO#OR —> -CO + BOR
H
©
-CO + H ,0 —> -COOH + H
De riv a tiv e s  o f oi-Ph e n y l-Y-raethylally la lc o h o l:
I t  was found tha t i f  care in  the avoidance o f high  
temperature and acid c a ta ly sts  was taken, the acetic, 
hydrogen p h th a lic , p-nitrobenzoic e ste rs and the p-xenyl 
urethane o f oc-phenyl-Y-methylallyl alcohol could be 
prepared unmixed w ith  the corresponding isomeric body, 
the is o n e risa tio n  process being much slower at these 
moderate temperatures than the e s te r if ic a t io n  reaction. 
I t  was however, found im possible to prepare the methyl 
ether o f o(-phenyl-Y-m ethylallylalcohol( w hile  i t s  d i­
bromide ra p id ly  decomposed in  chloroform so lu tio n ,  
hydrobromic acid being evolved.
Attempts to prepare the oc-phenyl-Y-methylallyl and 
y~phenyl-c*-methylallyl ch lo rides from the corresponding 
alcohols by the action o f phosphorus t r ic h lo r id e  o r 
th io n y l ch lo ride  in  the presence o f pyrid ine a l l  fa ile d ,  
the product being in  both cases an isomer o f phenyl- 
butadiene, which re a d ily  formed an in so lu b le  s i lv e r  
s a lt  on shaking w ith  aqueous s i lv e r  n it ra te .  On warm­
ing w ith  a lcoholic caustic soda, th is  product yielded  
i t s  isom er, phenylbutadiene. From th is  and other 
evidence i t  appears l ik e ly  tha t the new compound 
possesses the double tautomeric s tru c tu fe
ft .O - C .C  H t,  Fh.CH=C=CH.CH^
end i s  formed by removal o f the elements o f hydrogen
chlo ride  from the unstable e s te rs . T h is  experiment i s  
o f p a rtic u la r in te re s t as i t  demonstrates the extreme 
in s ta b i l i t y  o f the chloride as compared w ith  th a t o f 
the other e s te rs .
In  the attempted preparation o f the methyl e the r, 
m e ta llic  potassium was d isso lved in  the carb inol in  
benzene s o lu t io n , and methyl iodide added. The reaction  
product d is t i l le d  over a wide range and appeared to  
contain unsaturated hydrocarbons and a sn a il quantity  
o f the methyl ether o f the isomeric alcohol.
T he Isomeric Change :
Various methods were used in  fo llo w in g  the tauto­
meric changes undergone by owphenyl-Y-m ethylallyl 
e s te rs . In  the case o f the hydrogen phthalic  e s te r, 
where the reaction proceeded re a d ily  at o rd inary temp­
eratures in  so lv e n ts , the method used was to  d isso lve  
the e ste r and fo llo w  the m utarotation in  a polarim eter 
tube, the reac tion  being taken as complete when the 
ro ta to ry  power reached a constant value I t  was some­
tim es found more convenient to  use th e dC-hydrogen 
phthalic e s te r, in  which case, the isomers could not 
be d isting u ishe d  by the ord inary m elting point method, 
as t ra n s it io n  i s  almost instantaneous at the melting  
point o f the more stab le  isomer. However, the hydrogen 
phthalic  e ste rs may be d isting u ishe d  by making use o f  
the  fac t th a t cx-phenyl-Y-»ethyla lly l hydrogen phthalate  
re a d ily  forms a c ry s ta llin e  quin id ine s a l t ,  but the 
cinchonidine s a lt  w i l l  not s o l id i fy ,  w hile  the reverse  
applies to the isom eric hydrogen phthalic e s te r. The 
p o la rim etric  method also found a more lim ite d  applic­
a tio n  in  the study o f the tautomerism o f the p -n it ro -  
benzoic and acetic e s te rs . As an a lte rn a tiv e  method 
the m ixture o f the isomers could be separated, in  the  
form er case by fra c tio n a l c ry s ta l l iz a t io n  o r in  the  
case o f the acetic e s te rs  by means o f d is t i l la t io n  under 
reduced pressure.
TABLE I .
W s'cJ. uu c
ESTER TEMP.
JUS
TIME
u i  uaejnyj.- d-me myxaxxyxaxcojoox.. 
CONDITIONS OF REACTION.
Hydrogen 20 19days In  c ry s ta llin e  s ta te  in  closed tube.
phthalic 20 24 " C ry s ta ls  sealed in  high vacuum.
20 15 " Carbon d lsu lph ide so lu tio n .
95 0 S o lid  —> l iq u id .
80 0 Benzene so lu tio n .
20 67hrs. Methyl alcohol gave the methyl ether.
j - N i t r o - 2C - Homogeneous sta te  (p a rt ia l a fte r  ly r . )
benzoic 95 3 h rs. Homogeneous s ta te .
80 3 " Benzene so lu tio n .
20 6days Methyl alcohol gave the methyl ether.
-  - ..... , - i t r 'r 'li tTT i
Acetic 170 -
: .~z *' . ,.U ' ‘ ''■■V ‘ ,• .  ^ 45 ,s v ■ ±; v
Can be d is t i l le d  unchanged.
20 17h rs.
<■ £ 'JLS ::r?S ■' ‘v* >. ;
In  acetic acid so lu tio n .
95 5 M In  acetic anhydride.
Alcohol 20 42h rs. Ij6 aqueous acetic acid.
20 4daye G lac ia l HAc. g ives isomeric acetate.
170 —
Unaffected by b o ilin g  aqueous caustic
soda
Can be d is t i l le d  unchanged.
p-Xenyl
urethane.
80
120
- Unchanged a fte r  4 h rs . in  b o ilin g
benzene.
Unchanged at i t s  melting point 3mins.
20 - Unchanged in  benzo n i t  r i l e  14 days.
The lo n io  S t a b i l i t y  o f  the  Anion;
The apood o f laom erleatlon o f the va rio u s eaters 
o f  *-Fh e n y l-Y «a e th y la lly l& lc o h o l as eet out in  Table I  
show th a t,  in  agreement w ith  the hypothesis due to
C .K .In g o ld , the  ra te  o f  reaction  v a rie s  w ith  "th e
©
in t r in s ic  io n le  s t a b i l i t y  o f  X as Ind io  at ed by the 
s tre n g th  o f  the sold HX"j and the e s te rs  may be arranged 
in  the order o f increasing  io n ic  m o b ility  t -  Hydrogen 
phthalic  >> p-nitrobenzo ic  > acetic > alcohol. The 
great re a c t iv ity  o f  the  hydrogen phthalic  e s te r nay in  
some part be due to  the constant presence e f  c a ta ly tic  
hydrogen io n s , though the secondary d isso c ia tio n  
constant o f  phtha llc  acid in  organic so lve n ts must be 
excessively s n a il .
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So lvents and C a ta lysts s
In  connection w ith  the e ffe c t o f so lvents and 
c a ta ly sts  upon the la b i l i t y  o f anionotrople change in  
s o lu t io n , Ingold suggests th a t the m o b ility  o f the 
tautomerism should be increased by the presence o f 
hydrogen io n s , and should be g reater in  so lvents o f  
greater d ie le c tr ic  constant. As w i l l  be seen from 
Table I I ,  the tautomerism i s  rapid in  ether containing  
a l i t t l e  aqueous hydrochloric acid, but i s  very slow 
in  n e u tra l e ther. The tautomerism i s  depressed in  
basic so lve n ts . Tantom erisa tion i s  c e rta in ly  more 
rapid in  so lve n ts o f h igh d ie le c tr ic  constant such as 
b e n zo n itr ile  and chlorobenzene, but the reaction  
v e lo c it ie s  in  d if fe re n t so lvents are too d iverse  to be 
accounted fo r  by the e ffe c t o f so lvent p o la rity  alone.
I t  i s  noticed, fo r  instance, th a t the d ie le c tr ic  
constants fo r  carbon d isu lp h id e , chloroform and ether 
are 2.64# 5 .0 5 , 4 .3 4 , re sp e c tive ly , w hile  the corres­
ponding tim es o f tra nsfo rm a tion  are 15 days, 22 h o u rs, 
134 days.
A l l  so lve n ts were dried and d is t i l le d  before use, 
but no elaborate precautions were taken to  fre e  them 
from small traces o f im p urity  which might have c a ta ly tic  
a c t iv ity .  The g rea ter speed o f reaction in  the case o f  
chloroform might in  some part be accounted fo r  by the
presence in  i t  o f hydrochloric acid as a  decomposition 
product, a view which i s  substantia ted by the fact th a t 
the re  i s  g rea ter separation o f phthalic  acid from  
chloroform  so lu tio n s  than when the m utarotation takes 
place in  o the r so lv e n ts ; but the excellent agreement 
obtained in  measurements o f the ra te  o f tra nsfo rm a tion  
in  d if fe re n t concentrations in  the same so lvent perform­
ed fo r  the purpose o f energy o f a c tiva tio n  measurements, 
lead to  the b e lie f th a t inc id e n ta l im p u ritie s  do not 
have any marked e ffe c t on the character o f a solvent as 
a ca ta lyst in  the anionotrople change. I t  i s  also 
possib le  th a t c e rta in  so lvents have the property o f 
supplying e lectrons to  the <x-carbon atom by form ation  
o f loose coordination complexes, thus aiding the removal 
o f the hydrogen phthalic  anion.
I t  i s  at any ra te  c lear th a t the e ffe c t o f n e u tra l 
so lve n ts in  ca ta lysing  the removal o f the anion i s  a 
complicated one, and does not depend on any s in g le  
property o f the so lve n t. The so lvent i s  conceivably 
capable o f a ffe c tin g  the ra te  o f tautomerism in  any o f  
the fo llo w in g  ways.
( i )  5y form ation o f loose coordination complexes w ith  
e ith e r the anion o r cation.
T h is  e ffe c t would be expected to occur most 
re a d ily  in  so lve n ts such as e thy l and methyl a lcohols,
which are w e ll known to  be h ig h ly  coord inating. But 
in  these cases the product i s  an e the r, showing th a t 
the anion has been removed in  combination w ith  a hydro­
gen ca tion, the ethoxy and methoxy anion replacing the  
phthalic  ra d ic a l in  the electromeric molecule.
( i i )  ?y d ipole assoc ia tion.
(+) (<f-)
R Y
n i IX z
I t  i s  w e ll known th a t the e le c tro s ta tic  
a ttra c tio n  between the ra d ic a l R and the p o te n tia l 
anion X may be weakened by the presence o f a fo re ig n  
dipole YZ, which might o r ie n t i t s e l f  in  the way shown. 
The e ffe c t would occur more re a d ily  in  so lve n ts o f h igh  
dipole moment such as b e n z o n itr ile , chlo rob enzene, e th y l 
and methyl alcohol.
( i i i )  S o lu b i l i t y  E f fe c t .
W hile in  cases o f re la t iv e ly  feeble anion- 
otrop ic  systems such as <x-methylallyl e s te rs  the cata­
ly t ic  e ffe c t o f a so lvent i s  la rg e ly  governed by i t s  
dipole moment, non-polar so lvents such as benzene 
having no a c t iv ity ,  in  the case o f more la b ile  systems, 
i t  i s  probable th a t the weak Van der Waal forces which 
surround the so lvent molecules are also able to  in i t ia t e  
the separation o f an anion. These fo rces are re la ted  
to  such phenomena as la te n t heat and surface tensio n
and th e ir  in te rp la y  between the molecule o f a solvent 
and th a t o f a so lu te  may be correlated w ith  the molar— 
s o lu b i l i t y  o f the la t t e r .  Table I I  shows th a t there i s  
a marked connection between the s o lu b i l i t y  o f an e ste r  
and i t s  ra te  o f tra nsfo rm a tio n  in  a so lvent I t  i s  
also remarkable th a t w hile  in  benzene o r in  the molten 
s ta te , the iso m e risa tio n  i s  almost instantaneous at 80° 
o r 94° re sp e c tive ly , a-phenyl-V-m ethylallyl hydrogen 
phthalate can be c ry s ta llis e d  from b o ilin g  hexahydro- 
benzene (b.p . 82°)-$ the hydrogen phthalic  e ste r being 
almost in so lu b le  in  cold hexahydrobenzene w hile  i t  i s  
very so lub le  in  benzene.
Anionic M o b ility  o f E s te rs  o f Sa tu ra ted and Unsaturated
Alcohols.
TABLE I I I .
a -Pheny l-)f-m ethy la lly l hydrogen phthalate.
SOLVENT TIME TEMP. HtODDCT.
Acetic acid 2 .5  h rs . 15°C Acetic E s te r
E th y l alcohol 5 days. 15 E th y l E th e r
Methyl alcohol 67 h rs . 15 Methyl E th e r.
Acetic anhydride 4 h rs . 95 Acetic E s te r .
V-H ienyl-cw nethyla lly l hydrogen phthalate.
Methyl alcohol 114 days. 15 Methyl E th e r.
E th y l alcohol 10 months. 25 E th y l E th e r.
ocV-JDimethylallyl hydrogen phthalate.
Methyl alcohol 7 h rs .  65 Methyl E th e r.
H e x a n y l  h y d r o g e n ,  . p h t h a l a t e  
Methyl alcohol -  No action.
O c t a n y l  h y d r o g e n  . p h t h a l a t e .
Methyl alcohol No action
SePAaaeaep-t Reactions t
Table I I I  shows tautomeric tra nsfo rm a tions in  
which the departing anion i s  replaced by an anion 
derived from the so lve n t. I t  i s  to be noted (Table I I )  
th a t where a so lvent catalyses simple iso m erisa tion  o f  
the e s te r, the o p tic a l a c t iv ity  o f the product i s  h igh  
(about 50J*) » w3len ^He so lvent i t s e l f  supplies a 
new io n , the a c t iv ity  o f the product i s  low, (about 59*). 
The reactions in  which a new anion enters the molecule 
are genera lly fa s te r  than the simple tautomerism, a 
fa c t which lends i t s e l f  to  the view th a t in  the former 
cases the departing anion i s  removed in  combination w ith
a p o sitiv e  io n  from the so lve n t.
© 0  9 © © ©
RX + H + Y — > R + HX +- Y —> R*+- HX + Y — > R*Y + HI
The slower speed o f the simple tautomeric reactions also
shows th a t reactions o f the above type do not occur by
a replacement re a c tio n , followed by an anionotropic
change.
EX + HY — » RY  >R»Y
The more sta b le  molecule R fX ( in  t h is  case, V-phenyl-
N -m ethyla lly l hydrogen phthalate) i s  also capable o f
©
lo s in g  the anion X under the influence o f a so lve n t, 
though the reac tion  i s  much slower than w ith  cx-phenyl~ 
y-m ethyla lly l hydrogen phthalate in  the same so lvent. 
T h is  fac t i s  o f in te re s t as i t  throws l ig h t  upon the
conduct o f the simple isomeric change. The speeds o f 
the replacement reactions undergone by the e ste rs  o f 
c*-pheryl-Y-methylallylalcoho 1 and !f-phenyl-opaethyla lly l- 
alcohol are an approximate in d ic a tio n  o f the re la tiv e  
tendency o f these e ste rs to  io n ise . I f  the isomeric  
change under examination i s  regarded as a re v e rs ib le  
re a c tio n , then at e q u ilib rium  there w i l l  be a prepond­
erance o f the isomer which i s  more stab le  in  i t s  un­
ion ised  form. T h is  conception o f the tautomeric change 
i s  fu r th e r  discussed in  the fo llo w in g  section.
a -  and Y- S u b s t itu t io n s  *
As may be seen from Table I I I  hydrogen phthalic  
e ste rs  o f saturated secondary alcohols show no tendency 
to  react w ith  methyl o r e th y l a lcohol, and i t  seems 
reasonable to  assume th a t as the tendency o f the ra d ic a l 
X to  leave the molecule as an anion i s  enhanced in  un­
saturated bodies, the m o b ility  o f the tautomeric system 
i s  due to a mechanism which acts sp e c ific a lly  through 
the double bond. I t  the re fo re  seems probable tha t the  
in i t ia t in g  process i s  the electrom eric change, the o(- 
carbon atom lo s in g  an anion only because o f a compens- 
ating movement in  the loose ethylene system attached to  
i t .  As has already been stated the view held by Burton  
and Ingold as to  the nature o f the anionotrople system 
i s  as fo llo w s s -
( i )  © 9 ( i i )  © ©( i i i )
EX R + X R* + X ^ = ± R t x
The ra te  o f reac tion  measured in  these experiments w i l l  
obviously be tha t o f stage ( i )  o r ( i i )  in  the above 
scheme, whichever i s  the slower. Stage ( i)  according 
to  accepted the o ry , w i l l  be accelerated by hydrogen ions  
o r h ig h ly  polar so lvents# w hile  the v e lo c ity  o f stage
( i i )  w i l l  depend upon the d iffe re nc e  in  energy le v e ls  o f 
the electromeric c a tio n s, and w i l l  be a fu n c tio n  o f the  
f in a l  p o s itio n  o f eq u ilib rium  o f the isomers at the
temperature o f the reaction.
I t  i s  the re fo re  apparent th a t in  cases where Stage
( i)  i s  the slow e r, the v e lo c ity  o f isomeric change w i l l  
be g re a tly  affected by the electron donating a b il i ty  o f  
the su b stitu e n t attached to the oucarbon atom, and by 
externa l cond itions in  the so lve n t; w hile the f in a l  
p o sitio n  o f e q u ilib riu m , which i s  determined a fte r the  
anion has le f t  the system, w i l l  depend upon the inductive  
e ffe c ts  o f the end groups. The experimental re s u lts  
ind icate th a t the tautomerism o f c*-phenyl~ Y -m e th y ls lly l-  
alcohol i s  o f t h is  type.
Fh-CH.CHiCH«— Me
+
+>Ih.CH:CH.CH.MeFh^CH.CHjCHCH3 ------- >
X X
In  the cases where the anion i s  s p l i t  o f f  and a new 
anion, derived from the so lvent, enters the system, the  
mechanism may be described in  d e ta il as fo llo w s
^  ®  ©
EhiSrCH. CHi CH *— Me -f H + Y -----> Fh.CH:#H.CH.Me + HX
Cl I
X Y
(a) The group X borrows an e lectron from i t s  attached 
carbon atom and remains in  e lectrovalent combination 
w ith  i t .
(b) The &-carbon atom i s  compensated by a s h i f t  in  the  
loose e lec tron ic  systems on e ith e r side o f i t  -  the
phenyl group and the ethylenic  double bond.
©
(o) S p l i t t in g  o f f  o f X fo llo w s , and under the action  
o f the inductive  e ffe c t o f  the te rm in a l rad to  a le , the  
cation undergoes aa electrom erle change, the  owserboa
atom becoming the new centre o f p o s itiv e  charge.
©
(d) A sso c ia tio n  w ith  the io n  Y now completes th s  pro­
cess.
The p roportion  o f X and Y in  the f in a l  product 
depends upon
( i)  The re la t iv e  s tre n g th s o f  the fields HX and HY. 
(11) The excess o f HY over the e s te r in  so lu tio n .
I t  fo llo w s th a t i f  t h i s  view o f the mechanism i s  t ru e ,
(1) The I n i t i a l  m o b ility  o f the anion X" i s  depend­
ent upon the power o f the adjacent ra d ic a l ( in  th is  oast 
H l* ^ )  and the  e thylenic  double bond to  compensate the  
c*-carbon atom. Tha t i s  to  say, the ra te  o f reac tion  i s  
determined by the stre n g th  o f the 11 tautomeric e ffe c t11
o f the group adjacent to the m igrating io n , and the  
,f inductive  e ffe c t*  o f the  group te rm ina ting  the e th y l­
enic system.
(2) The decision a© to  which o f the isomers i s  the  
more s ta b le , re s ts  upon the + o r -  I  e ffe c t o f the te r *  
rainal groups. Tha t i s  to  say, the p o s itio n  o f e q u il i­
brium w i l l  be such th a t the isomer in  which the X 
ra d ic a l l ie s  nearest the  stro ng e st +X group, predominates.
The p o s itio n  o f e q u ilib rium  w i l l  however also be e ffe c t­
ed by the general m o b ility  o f the system.
f a s t
I f ,  owing to the e lectron donating property o f the ra d ica l 
R ,  ( I)  re a d ily  Io n ise s , w hile  ( I I )  i s  more sta b le , the  
e q u ilib rium  A^=^B w i l l  be upset in  favour o f  B, independ­
e n tly  o f the d ire c tin g  in fluence o f the + o r -  I  e ffe c ts  
o f the ra d ic a l R . I t  i s  t h is  e ffe c t which probably 
accounts fo r  the v a ria tio n  o f p o s itio n  o f eq u ilib rium  o f ^  
w ith  experimental cond itions noticed in  many anionotrople  
changes. Th u s, whereas the action o f hydrogen ha lides on 
e ith e r c inn  amyl o r c*-ph enyl a lly  1 alcohol gives only 
cinnamyl h a lid e s , treatment o f c inn  amyl ch lo ride w ith  
70# aqueous a lcoholic potash gives 20-25#, and w ith  s i lv e r  
oxide in  absolute alcohol 35-45# oc-phenylally 1 ether .
The fa r  g rea ter m o b ility  and completeness o f the reaction
slow
— — ^ RCH-CH-CH,
+ LI '
OH
I I
H i CHX.CH i CH.CH3 — > EtaCH : CH.CHX.CHj
than e ith e r
H i CHX-CH : CH^ 7 HiCH , CH.CH^X
55
MeCHX.CH*CHt  » MeCHiCH.CH^X
c le a rly  shows th a t the end groups cannot lo g ic a lly  be 
arranged in  any sequence such as H i > Me > H; fo r  i f  
they could, the f i r s t  system ought to  be le s s  mobile 
than the second, as in  the f i r s t  system, the groups Me- 
and H i-  would be acting in  opposition.
I t  appears th e re fo re , th a t in  c la s s ify in g  the 
behaviour o f the re la ted  alcohols and th e ir  e ste rs the  
add itiona l tautomeric e ffe c t o f the a ry l end groups 
ought to  be kept d is t in c t  from inductive e ffe c ts . Thus 
as a general ru le ,  the ra d ic a l X w i l l  tend to migrate 
away from an a ry l group, but towards an a lphyl group, 
which i s  more sp e c ific  in  i t s  e ffe c t o f in flue nc ing  the  
p o la rity  o f the double bond in  the tautomeric cation.
An alphyl group might also have an e ffe c t which i s  more 
analogous to  the e ffe c t o f the phenyl group, tha t o f  
aiding the removal o f the  anion by increasing the to le r ­
a tio n  o f the oc-carbon atom fo r  a shared se x te t. Thus 
opphenylallylalcohol g ives einnamyl acetate upon heating  
w ith  acetic anhydride because the acetate o f the form er 
i s  much more re a d ily  ionised than th a t o f the la t t e r ,  
owing to  the presence o f the phenyl group in  the oppos­
i t io n .  In  the case o f m ethy lv iny l c a rb ino l, the m o b ility  
i s  le s s  because the methyl ra d ic a l i s  le s s  able to
or *
increase the to le ra t io n  o f the <x-cnrbon atom fo r  a shared 
sexte t than i s  the phenyl group. However an eq u ilib rium  
m ixture i s  obtained when the alcohol i s  warmed w ith  t r i ­
chloracetic acid. Here m e th y lv in y lc a rb in y ltric h lo ra c e t-  
ate i s  the favoured isom er, being formed in  a proportion  
o f 55#, although o the r experiments point to c ro ty la le oho l 
as the major isom eride.
I f  the io n is a tio n  o f each isomer were complete, the  
p o s itio n  o f e q u ilib riu m  would be e n tire ly  governed by 
the inductive e ffe c t o f the end groups, since the ta u to ­
meric e ffec t aids io n isa tio n  only . I t  i s  the re fo re  
probable th a t where the in t r in s ic  s t a b i l i t y  o f the anion 
i s  g rea t, as in  the case o f tr ic h lo ra c e tic  e s te rs , the  
most pronounced e ffe c t o f the end groups i s  the inductive  
e ffe c t, w hile  tautomeric e ffe c ts play the more decisive  
part in  the isomerism o f le s s  mobile e s te rs .
As a general ru le ,  th e re fo re , i t  may be stated th a t 
the p o s itio n  o f e q u ilib rium  in  an anionotrople reaction  
w i l l  be such th a t the p o te n tia l anion w i l l  occupy a 
p o sitio n  adjacent to the end ra d ic a l e x h ib itin g  the 
stro ng est + I  e ffe c t and fa rth e s t away from the end 
ra d ic a l most capable o f increasing the to le ra tio n  o f i t s  
attached carbon atom fo r  a shared se x te t.
R eten tio n o f  Asymmetry during An ion otrop ic  Change.
in v e s tig a tio n s  to  ascerta in  whether asymmetry i s  re ta in ­
ed during p ro to trop ic  ( I )  and anionotropie changes ( I I )  
in  which the proton o r anion moves from one asymmetric 
centre to a new asymmetric centre a ris in g  as a re s u lt  
o f the isomeric change.
In  a deta iled d isc u ss io n  these Authors suggest tha t 
asymmetric induction i s  an e ffe c t associated w ith  
r e s t r ic t io n  o f ro ta tio n  about the A — B l in k  ( I  and I I )  
due to  in te ra c tio n  o f the e le c tric  f ie ld  about the 
asymmetric carbon atom A, on th a t about B and C. T h is  
e ffe c t i s  described as the lfAsymmetric Syn th e sis E f fe c t* .  
I t  i s  pointed out by the Authors th a t the propagation 
o f asymmetry by t h is  mechanism i s  normally very sm all;
the measurable o p tic a l a c t iv ity  o f the product o f t ra n s -
22form ation o f l in a ly l  acetate being explained by the  
operation o f a r in g  mechanism, which has the e ffec t o f  
completely stopping in tram olecula r ro ta tio n  at the 
moment o f reac tion .
A fte r  exploratory experiments w ith  both p ro to trop ic  
and anionotropie systems the m utually in te rc o n v e rtib le
31Bn 1933 Ingold and W ilson began a se rie s  o f
A -  B -  C - [ h]
a -  b  -  e - [x ]
( I )
( I I )
azomethines ( I I I )  and ( IV ) ,  were selected fo r  study,
and from the e q u ilib rium  mixture obtained a fte r the
iso m e risa tio n  o f the o p tic a lly  active isomeride ( I I I )  ,
the isomeride (IV) was iso la te d  in  an o p tic a lly  inactive
condition* La te r k in e tic  stu d ie s o f the ra te s o f raeem—
is a t io n  and o f tautomeric change led Hsu, Ingold and 
33
W ilso n  to  conclude th a t the racemisation observed 
during the p ro to trop ic  change o f the azomethines did 
not occur during the io n isa tio n  which precedes the  
tautomeric change, and th e re fo re  tha t the mesomeric 
anions were capable o f re ta in in g  th e ir  o p tic a l a c t iv ity .
A d d itio na l evidence in  support o f t h is  conclusion was
drawn from the in fluence o f c o n s titu tio n a l fa c to rs  on
34the ra te s o f racem isation o f p ro to trop ic  compounds , 
and from comparisons o f the ra te s o f racemisation and
In  the case o f the anionotropic change between 
e ste rs o f opphenyl-Y-m ethylallyla lcohol and those o f 
Y-Phenyl-opmethylallylalcohol asymmetry i s  actua lly  
retained during the process, and the product iso la ted  
in  an o p tic a lly  active s ta te .
(IV)
brom ination o f o p tic a lly  active ketones 35
59
Two views o f the nature o f the reaction have been 
examined*
(a) the o r ig in a l ion may be removed leaving  
a tautomeric cation which i s  i t s e l f  responsib le fo r  
re ta in in g  asymmetry fo r  a period long enough to allow  
the new ion to  be attached.
(b) the ion may be in  loose combination 
w ith  the p o s it iv e ly  polarised carbon atom before the  
tautomeric change takes place.
The experiment o f H i l l s ,  Kenyon, and P h i l l ip s  
( lo c .c it . )  shows tha t the asymmetry induced in  the 
double bond o f the re la ted  cxY-dimethylallylalcohol i s  
stab le  fo r  some time a fte r  the o r ig in a l asymmetric 
carbon atom has been racemlsed and the Induced asym­
metry takes a correspondingly long time to be generated* 
a fa c t which tends to  show tha t mechanism (a) i s  a 
possib le  one.
However strong  evidence in  favour o f mechanism (b) 
comes from another source.
The Mechanism o f Asymmetric  Syn the sis w ith  reference  
to  _a New Type :
The more stab le  (±) Y-phenyl-o(-m e thy l a lly  la lcoho l 
on addition o f bromine in  chloroform  so lu tio n  y ie ld s a 
so lid  d e riva tive  which may be separated by fra c tio n a l 
c ry s ta l l iz a t io n  in to  two forms o f d if fe re n t m elting  
point and c ry s ta ll in e  form . The le ss  so lub le  dibrorao- 
alcohol (h a iry  needles m. p. 112°C) on oxida tion  w ith  
chromic acid in  acetic acid y ie ld s  o p tic a lly  pure 
(+) a-methyl-^/3-dibromo~/3~phenylethyl ketone, w hile the  
more so lub le  form (g lassy  prism s from l ig h t  petroleum 
m.p. 88°) y ie ld s  the corresponding (-)ketone in  a s ta te  
o f o p tic a l p u rity . I f  the brom ination and oxida tion i s  
carried  out w ithout c ry s ta l l is a t io n  o r o ther form o f  
separation o f the interm ediate dibromo-alcohols, the  
re s u lt in g  dibromo-ketone i s  separated in  an o p tic a lly  
active s ta te , i t s  ro ta to ry  power depending upon the 
temperature at which the i n i t i a l  brom ination was per­
formed, and reaching a maximum value o f 41.1# op tic a l 
p u rity .
In  t h i s  experiment two new centres o f asymmetry
are produced w hile the o r ig in a l centre i s  yet undisturbed,
36the la t te r  being afterwards destroyed by oxidation •
-# *  *  *  * *  
CH3CH(OH)CHi CHBi  CHgCH(OH)CHBr.CHBr Eh —»CH^CO.CHBr .CHBrlh
The anionotropic changes o f the e ste rs  o f oc—phenyl—Y— 
m e thy la lly la lc o ho l c le a rly  show th a t when a su b stitu e n t 
enters the Y-carbon atom an asymmetric syn th e sis re s u lt s ,  
but i t  i s  not c lea r whether the /3-carbon atom i s  also 
capable o f unsym netrical s u b s t itu t io n .
In  order to te s t  t h is  hypothesis, a s im ila r  experi­
ment was undertaken w ith  (d) —e th y lv in y lc a rb in o l.
*  *  ■*
CH*CH,,CH(OH)CB«CH9 CH.CH.CHCOHjCHBr-CH^Br
(d) Z 3 *(d j * *
C^H^CO.CHBr-CH^Br
Here, bromination o f the carbinol re s u lt s  in  the product­
io n  o f one new asymmetric carbon atom; tha t in  the /3- 
p o s itio n  w ith  respect to the c s rb in y l group. In  t h is  
case the product i s  an o i l  and i s  consequently not 
re a d ily  p u r if ie d , but the fa c t th a t the re s u lt in g  ketone 
has a ro ta to ry  power o f opposite sign  from , and o f g rea ter 
numerical value than, the dibromcarbinol shows th a t an 
asymmetric sy n th e sis  has taken place.
Most recorded cases o f asymmetric syn th e sis  where 
a compound o f known c o n s titu tio n  i s  used to impart a 
dissymmetric bias to the reaction depend fo r  th e ir  
success upon the production o f a m ixture o f two d ia ste reo -  
isomerides in  unequal amounts which y ie ld  an o p tic a lly  
active product when the o r ig in a l centre o f asymmetry has 
been removed. In  order to  account fo r  a s im ila r  in e q u a lity
in  the diaetereoisomeridee :
Z I I
* . Q V g l  CH, .OMgl
r i v  ; c ;CH/ COOC, 0 H,q CbH5 v COOC(0H„
( - )  ( - )  ( + )  ( - )  
prepared as interm ediate products in  the asymmetric
sy n th e sis  o f (—) a tro la c tin ic  acid from benzoyl form ic
37acid McKenzie suggests tha t the ethereal so lu tio n  o f  
(-)m enthyl benzoyl formate used in  the Grignard reac tion  
contained a m ixture o f :
A 3
C ^ H5CO. COOC, o H, ^  and CfeH5CO .COOC/0H ,9
(-) (-) w  (->
in  unequal amounts. I t  i s  assumed th a t the ketonic 
double bond under the influence o f "Asymmetric Induction '1 
i s  capable o f c o n trib u tin g  to  the o p tic a l ro ta to ry  
power o f the molecule, and fu r th e r  tha t on addition o f  
methyl magnesium iod ide , A leads to  ( I )  and B leads to
( I I )  so th a t ( I)  and ( I I )  are also formed in  unequal 
amounts.
C le a rly , in  order to  account fo r  the production o f 
the d iastereo isomer ides ( I)  end ( I I )  in  unequal amounts 
i t  i s  necessary to  assume i
(c) A c o n s titu tio n a l d iffe rence  in  A and B 
and an excess o f one over the o the r.
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o r (d) th a t methylbenzoylformic acid i s  homo­
geneous; but th a t c o ll is io n s  w ith  the addendum l ik e ly  
to  give r is e  to  ( I )  are more favoured than those g iv ing
■j ' #
r i s e  to ( I I )  owing to the obvious c o n s titu tio n a l d i f f e r ­
ence in  ( I)  and ( I I )  , and as a re s u lt ,  the side reactions
C6H5CO.COOCf0H|^ ^
progress at d if fe re n t speeds, leaving the isomeride ( I)  
in  excess at the end o f the re ac tion . The fo llo w ing  
experiment was designed to te s t  which o f the mechanisms
(c) o r (d) i s  the more probable.
16
I t  was found by H i l l s ,  Kenyon and P h i l l ip s  th a t 
(-) oiY-dim ethylallylalcohol ( I I I )  y ie ld s  w ith  phosphorus 
t r ic h lo r id e  (±)ocY-dim ethylallyl c h lo rid e , which on hydro­
ly s is  w ith  a cold aqueous suspension o f calcium carbon­
ate gives a d e xtro ro ta to ry  form o f cx Y -d im e th y la lly l-
alcohol (Y ) .
(in) (\V) (v)
*  4tk *  *  *
CHMe(OH) .CHtCHSIe CClMe.CHiCHMe —>CHMe(OH) .CHiCBMe
( - )  (+ )  (+ )
Compound ( I I I )  on c a ta ly tic  reduction y ie ld s  o p tic a lly  
pure (-)m ethyl-n-p ropylcarb ino l, whereas (V) y ie ld s the  
d l-c a rb in o l. A possib le explanation o f these reactions 
i s  th a t during the h y d ro ly s is  o f (IV) the o p tic a l a c t iv ity  
due to the fixe d  centre i s  lo s t ,  w h ils t  th a t due to  
induced dissymmetry in  the double bond remains.
Thus a compound owing i t s  o p tic a l a c t iv ity  so le ly  
to  a centre o f induced dissymmetry i s  available fo r  a 
comparative study. The (-) alcohol ( I I I )  re a d ily  com­
bines w ith  bromine to give (±)methyl-(y/3-dibromo-Ji- 
propylcarb inol ( V I) . T h is  on oxida tion w ith  chromic 
anhydride in  acetic acid so lu tio n  y ie ld s  (+)methyl— 
dibromo-n-propyl ketone ( V I I) .
4k 4k 4k 4k 4k 4c ->£
CEMe(OH) .CHtCMe -*CHMe(OH) .CHBr.CHBr.Me —* COMe.CHBr. CHBrMe
( I I I )  (VI) (V II)
On the other hand, the d e xtro ro ta to ry  alcohol (V ), by 
s im ila r  treatm ent, y ie ld s  a dl-dibromoalcohol and sub­
sequently d l—methyl-a3-dibromo-n-propyl ketone.
*
CHMe(OH) .CHiCHMe  * CHMe(OH) .CHBr.CHBrMe
(+) (inactive)
(V) ( V I I I )
I t  appears to fo llo w  th e re fo re , thart induced d is ­
symmetry o f a double bond as indicated by i t s  c o n trib u tio n  
to  the o p tic a l ro ta to ry  power o f a compound i s  incapable 
o f e ffe c tin g  an asymmetric sy n th e s is , and th a t, as in  
mechanism (d) i t  i s  a d iffe rence in  energy associated 
w ith  the d iastcreoisom eric  interm ediate products which 
i s  responsib le  fo r  the one-sided addition.
I f  the re te n tio n  o f asymmetry during the aniono­
tro p ic  change between ex-phenyl-y-^nethyl a lly  1 e ste rs and
those o f Y-phenyl-<x-.nethylallylRlcohol may f a i r ly  be 
considered analogous, then as in  mechanism ( b )  the 
mobile ion raust be in  contact w ith  the p o s itiv e  polar­
ised Y—carbon atom before the mesomeric change takes 
place. T h is  view would imply a pseudo-cyclic in te r ­
mediate during simple anionotropic change, invo lv ing  
the temporary fo rm ation o f a fo u r membered rin g  (X) o r 
a s ix  membered rin g  (IX) according as to which oxygen 
atom o f the carboxylic e s te r f in a l ly  becomes attached 
to  the Sf-carbon atom.
H H
[e I
C *  C C H
PhN / - > H  (IX ) Hv /  \  /  (X)
A 10 A ,c
h 7 \ /  a r i  \  /  \
0 -  C u 0' Me\ U  (
X o = c
I
R
In  cases where a new anion derived from the solvent i s  
successfu l in  competition w ith  the o r ig in a l,  i t  appears 
l ik e ly  th a t t h is  w i l l  be obliged to take the unoccupied 
p o s itio n  on the opposite side o f the Y-carbon atom; 
reac tion products o f opposite c o n fig u ra tio n  re su lt in g  
from the two d if fe re n t kinds o f combination. An attempt 
has the re fo re  been made to co rre la te  the config ura tions  
o f the s ta r t in g  m a te ria ls and reaction products o f the  
experiments already described.
Stereochemical Aspects o f the Anionotropie Changes and 
Replacement Reactions undergone by (-) q-phenyl-Y-methyl 
a lly la lc o h o l and i t s  D e riv a tiv e s :
A summary o f the anionotropie changes i s  given in  
the fo llo w in g  scheme (Diagram I)  which includes also 
reactions in  which the anionic groups o f the p -n itro — 
benzoic and hydrogen phtha lic  e ste rs o f (-) oc-phenyl- 
Y-m ethyla lly la lcohol were replaced by the anions -OAc 
and -OMe, by in te ra c tio n  w ith  acetic acid and methyl 
alcohol re sp e c tive ly . From th is  scheme i t  w i l l  b e  seen 
th a t i f  the re la t iv e  co n fig u ra tions o f (±) phenyl-n- 
propyl and (-)methyl~/3-phenylethyl ca rb ino ls were known, 
i t  would b e  possib le to  deduce which o f these changes 
were accompanied by in v e rs io n  and which took place w ith ­
out c o n fig u ra tive  change.
The re la t iv e  config u ra tions o f  these two alcohols 
can be decided from published data when use i s  made o f  
the g e n e ra lisa tio ns which have emerged from stud ie s w ith  
o p tic a lly  active compounds. These include the experi- 
mental re s u lt s  o f Pickard and Kenyon w on the determin­
a tio n  o f  the ro ta to ry  powers o f homologous se rie s  o f
39alcohols and th e ir  e s te rs , the work o f Clough , showing 
th a t the ro ta to ry  powers o f  compounds o f  s im ila r  con­
f ig u ra tio n  are, in  general, influenced s im ila r ly  by 
changes in  externa l c o nd itio ns, and the in v e s tig a tio n s
o f Ru le  , on the in fluence o f the p o la rity  o f the sub­
s t i tu e n t  f X , on the magnitude o f the ro ta to ry  powers 
o f the se rie s  RX. From these in v e s tig a tio n s  i t  can be 
concluded th a t the ro ta to ry  powers o f the se rie s  o f 
a lcoho ls, Fh.CHOH.R , in  which R i s  a lengthening  
a lk y l chain, and also o f the s e r ie s , Me.CBOH.R , in  
which R contains a phenyl group becoming separated 
from the asymmetric carbon atom by an increasing number 
o f methylene groups, should a lte r  in  a re g u la r manner. 
The experim entally determined ro ta to ry  powers o f some 
o f the alcohols belonging to  these two se rie s  both in  
the homogeneous s ta te  and also in  benzene so lu tio n  fo r  
l ig h t  o f th ree  d if fe re n t wavelengths are given in  
Table IV .
I t  w i l l  be seen th a t the ro ta to ry  powers o f the 
(+) alcohols o f the  second se rie s  (3» 4 and 5) s te a d ily  
decrease in  magnitude both in  the homogeneous sta te  
and in  benzene so lu tio n . The decrease in  the ro ta to ry  
powers o f the f i r s t  se r ie s  ( l ,  2 and 3) i s  not so 
re g u la r: (+) phenyl e thy l c a rb ino l, the middle member o f 
the s e r ie s , having s l ig h t ly  lower ro ta to ry  powers then  
e ith e r phenylmethyl o r phenyl-n-propyl ca rb ino l. T h is  
sm all i r re g u la r i ty  i s  not se rio u s however, since the 
lack o f s im p lic ity  in  the ro ta to ry  d isp e rsive  powers o f  
these alcohols makes a comparison under s t r ic t ly
comparable conditions d i f f ic u l t .  (+) Phenylmethyl 
carb ino l thus appears to  be c o n fig u ra tive ly  re la ted  to  
the alcohols o f both s e r ie s ,  end hence a l l  f iv e  alcohols 
probably have the same c o n fig u ra tio n . Confirm ation o f
t h i s  conclusion i s  afforded by e comparison o f the
38 41t  emperatur e -ro t at ion curves o f these alcohols ’ .
A l l  f iv e  aloohol8 give temperatur © -ro ta tio n  curves which 
tend to  be concave to  the temperature a x is. Prom these  
considerations i t  fo llo w s th a t (+) phenyl-ji-propyl 
carb ino l and (±)methyl-/3-phenylethyl c a rb in o l, i f  they 
are regarded as members o f the se rie s  
H i. (CH ,)n . CH(OH). (CHJ ^CH^, have the same c o n fig u ra tio n . 
As the two unsatursted alcohols were reduced by the same 
method, i t  can be concluded th a t ( - ) c+-phenyl-V-methyl- 
a lly la lc o h o l has a c o n fig u ra tio n  opposite to  tha t o f  
(+) lf-phenyl-o(-raethylallylalcohol. Hence the new asym­
m etric centre produced by the isomeric change o f (-)<*- 
phenyl-V-raethyla llyla lcohol has the opposite co nfig ur­
a tio n  to  the asymmetric centre which i s  destroyed.
Furtherm ore, since the hydrogen p h th a lic , acetic 
and p-nitrobenaolo e s te rs  are produced from the unsat­
urated alcohols by methods u n lik e ly  to  lead to  a con- 
f ig u ra tiv e  change, the isomeric change o f these e ste rs
o f the ou.phenyl alcohol to  the corresponding e ste rs o f  
•  »
Y-phenyl a lcohol, i s  accompanied by in v e rs io n  o f
configuration.
Other conclusions oan be drawn concerning the 
stereochem ical changes which oocur during the reactions  
given  in  the scheme. For example, i t  can be concluded 
th at (4*) Y-?henyl-oumethylallyl methyl ether, produced 
from the p otasslo -d erlvatlve  o f the (+) alcohol by the  
action  o f methyl iod id e , possesses the same configur­
ation  as the parent (+ )alcohol and also i t s  (4-) hydrogen 
phthalic e s te r . The (-) Y-phenyl-opmethylallyl methyl 
ether s lo wly produced when the (+)hydrogen phthalic 
ester  was warmed with methyl alcohol arose, therefore, 
with inversion o f configuration. On the other hand, i f  
as suggested, ( - ) u-pheny 1 -Y-aethy l a l l y l  hydrogen 
phthalate and (-)  u —phenyl-Y-m ethylallyl p-n i t  rob enso ate  
have a configuration opposite to that o f (+) Y-ph«oyl-o(- 
m ethyla lly l hydrogen phthalate and (-) Y-jhenyl-o(-methylal 
a l ly l  p-4iitrobenzofc.be, then they must have the same con­
figu ration  ae (-)  Y -phenyl-ooaethylallyl methyl ether. 
Eence both these esters  undergo anionic replacement with  
the occurence o f inversion  o f configuration. I t i s  also  
noteworthy that both these esters react rapidly with 
methyl alcohols the anionic replacements are un likely  
therefore to have been preceded by Isomeric change, 
sin ce the corresponding Y-phenyl esters react slowly  
with methyl alcohol.
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The proposed c o n fig u ra tio na l re la tio n sh ip s  as 
indicated in  Diagram I  f i t  in  w ith  a re la t iv e ly  simple 
p ic tu re  o f the reac tion  mechanism. T h is  i s  provided by 
assuming th a t the (-)ot-phenyl-Y-m ethyla lly l e ste rs adopt 
a pseudo-cyclic c o n fig u ra tio n  (Diagram I I )  in  which the  
c is -form  predominates. The arrangement o f the groups 
around the If-carbon atom w i l l  then be favourable to the  
adoption o f an oc-c o n fig u ra tio n , opposite to tha t o f the  
tf-asymmetric carbon atom, when the anion m igrates.
Iso m e risa tio n  invo lve s th e re fo re  the establishment 
o f a l in k  between the carboxylic oxygen atom and the 
Y-carbon atom, as indicated by the broken l in e ;  complete 
m igration o f the anion involves in v e rs io n  o f configur­
a tio n . Anionotropie m igration may be fo resta lled , how­
ever, by union o f the Y-carbon atom w ith  an external 
anion. When t h is  occurs, as indicated by the dotted 
l in e ,  the new asymmetric centre acquires the seme con­
f ig u ra tio n  as th a t p rev io usly  possessed by the o<-carbon 
atom. On the o ther hand when the in te rn a l anion i s  
attached to the Y-carbon atom and shows no tendency to  
m igrate, but can neverthe less undergo displacement by 
an external anion, then a Walden in v e rs io n  occurs as in  
most o ther simple anionic replacement re ac tions.
In  view o f the fac t th a t t h is  p ic tu re  o f the space- 
mechanism o f the isomerism and o f the replacement
TABLE IV.
The Sp e c ific  Ro ta to ry  Powers o f Related Semi-Aromatic A lcohols.
H om ogen eou s s t a t e . I n  B e n z e n e , c , J .O O ,
(kq)Sf
1. IhCHOHMe^ +41.51° 49.46 85.92 +48. 88° 57.93 99.22
2 . PhCHOKH MeA + 30.24° 3 6 .  02 60.49 +40. 05° 47.78 79.16
3 . RiCH)B3H,CH.,Me2 - 36.58 63.00 +43. 60° 52.20 87.30
4. PhCH CIK)HMeJ'
' 1
+ 27.58° 33.43 6 1 .2 2 +41.82° 50.82 93.58
5. PhCH, CH .CHOHMek  1 + 14.74° 17.46 29.28 + 19.41° 2 5 . 4 5 42.79
1 .Pickard and Kenyon, J .C .S . ,1914, 3 05, 3110.
2 .From data already given.
DIAGRAM I I .
Suggested Mechanism o f the Anionotropie Change o f Es te r s o f
K-Phenyl-  Y-methy la lly la lc o h o l.
H
I
H C, H l-(-)PhCH:CH.CHOMe.Me
I /  \  l ........... ..
k  0/# Me d-(+)PhCHiCH.CH.Me
i i
0 = C n 0
I I
X 0 — C . X
X -  CfeH^COjHCo-) o r C4Hv NOx(p-)
1 -  and d- denote c o n fig u ra tio n s.
reac tion  assumes the p roxim ity  o f the ester-oxygen atom 
and the K-carbon atom, i t  i s  o f in te re s t  th a t ot-phenyl- 
Y-m ethyla lly la lcohol has a low parachor (3 6 0 .6 ), w h ils t  
the parachor o f )-phenyl-tf-m ethyla lly la lcohol (367.4)
i s  nearer the calculated value which i s  372.1 using the
42constants o f Sugden , o r 368.2 when the constants o f
43Bffumford and ( J. W.C. )  H i i l l i p s  , are used.
I f  such a pseudo-eyelie c o n fig u ra tio n  i s  adopted 
by anionotropic systems p r io r  to io n ic  m ig ra tion , then 
a mechanism i s  provided which does not postu late the  
occurence o f complete io n ic  d isso c ia tio n  p r io r  to is o ­
meric change. T h is  i s  a m odifica tion o f the views o f  
Burton ( lo c .c it . )  , who assumed tha t the form ation o f  
cinnamyl acetate re s u lt in g  from the action o f te t ra -  
methylammonium acetate on ou-phenylallyl p-nitrobenzoate  
in  acetic anhydride indicated th a t ion ic  d isso c ia tio n  
proceeded s u f f ic ie n t ly  fa r  to permit o f d ire c t com­
p e tit io n  between the in te rn a l and external anions fo r  
the electrom eric cation. T h is  in te rp re ta tio n  would
however appear to be more in  accord w ith  the conclusions
„ 44reached by Hsu, Ingold and W ilson , from th e ir  stud ie s
o f p ro to trop ic  systems, namely, tha t the io n isa tio n
products o f the system do not become k in e t ic a lly  fre e
to  such a degree as to allow o f asymmetry being destroyed.
CONCLUSION.
In  the e a r l ie r  conceptions o f asymmetric induction  
i t  was assumed th a t an unsaturated group adjacent to an 
asymmetric carbon atom in  the molecule o f an o p tic a lly  
active compound i s  d is to rte d  in  such a way th a t i t  i s  
i t s e l f  capable o f c o n trib u tin g  to the o p tic a l ro ta to ry  
power o f the molecule. Evidence in  support o f th is  view  
has been o u tline d  in  Chapter I I .  f and although i t  must 
be admitted tha t i t s  existence has not been conclusively  
proved, the presence o f induced dissymmetry o f t h is  type 
i s  supported by a large bulk o f c irc um sta n tia l evidence, 
culm inating in  the experiment o f H i l l s ,  Kenyon and 
P h i l l ip s ,  whereby the centre o f fixe d  asymmetry in  o(Y- 
d ia e th y la Lly la ie o h o l i s  removed, leaving a compound 
which apparently owes i t s  o p tic a l a c t iv ity  e n tire ly  to 
induced dissymmetry in  the double bond.
These views o f asymmetric induotion have been 
modified somewhat by McKenzie and h is  co-workers, in  
th e i r  attempt to explain asymmetric syn th e sis on the  
b asis o f asymmetric induction. In  order to explain the  
asymmetric sy n th e sis  o f su b stitu te d  la c tic  acids by 
hydrogenation o f ketonic e ste rs  o f o p tic a lly  active  
alcohol©, these in v e s tig a to rs  are led to suggest th a t 
the dissymmetry o f the group >C:0 i s  to a c e rta in
extent permanent, an o p tic a lly  active ketonic e ste r 
containing molecules both o f the type (-+) (4-) and those 
o f the type (+ ) ( - ) .  The generation o f induced dissym­
m etry, i t  i s  assumed, a rise s  as the types reach an 
eq u ilib rium  cond ition in  which one. o f them predominates.
C e rta in  d i f f ic u l t ie s  a rise  i f  these ideas are 
applied to cases where an ethylenic double bond takes 
the place o f the ketonic group. The semi—permanent 
d is to r t io n  o f the double bond, as i t  would lead to an 
unnatura l s t ra in  in  the valency bonds, could only be 
accounted fo r  by some type o f p o la risa tio n . But 
measurements by D r. A .R .M a rtin  o f the dipole moments o f  
the three a lcohols, pent&hol, cx -phenyl- M e th y l a l ly l -  
alcohol and i t s  isom er, show th a t these unsaturated  
alcohols do not d i f fe r  in  p o la rity  from saturated  
alcohols to any great extent. The fa c t th a t both carbon 
atoms te rm ina ting  the ethylenic double bonds are capable 
o f assuming o p tic a l a c t iv ity  on addition o f the ions o f  
an addendum i s  s ig n if ic a n t ,  as the atoms at each end o f 
the double bond would be opposite ly  p o la rise d , and 
experiments on the Walden in v e rs io n  indicate tha t only  
negatively charged carbon i s  capable o f re ta in in g  asym­
metry.
Experiment has shown (p. 63) tha t the induced d is -
• j r  . O .
symmetry in  the double bond o f pentanol i s  incapable o f
e ffe c tin g  an asymmetric sy n th e s is . I t  I s  n o t, however, 
necessary to assign any importance to asymmetric 
induction in  the mechanism o f asymmetric synthesis*
The diastereoisom erides formed during a l l  asymmetric 
syntheses o f t h is  type axe separate chemical in d iv id u a ls  
having d if fe re n t m elting p o in ts , and d if fe re n t  physical 
p ro p e rtie s; and th e ir  form ation in  unequal amounts 
during the side reactions
A  >B and A — >C
would be expected, as in  any o ther case o f s im ila r  side  
re ac tions.
In  the isom eric changes studied in  t h is  work, i t  
has been shown th a t a probable mechanism involves the  
p re lim inary  junc tio n  o f the m igrating anion w ith  the 
Y-carbon atom to  form a r in g . Here the e is -  and tra n s­
r in g  take the place o f the d iastereoisom erides more 
u su a lly  formed, and a study o f the co n fig u ra tiona l 
changes has shown tha t in  t h is  case the more favoured 
interm ediate i s  the c is —rin g . Where an externa l io n , 
i s  successfu l in  competition w ith  the in te rn a l io n , the  
form er i s  probably forced to take up the vacant p o s itio n  
on the opposite side o f the Y-carbon atom.
From these considerations the reactions may be 
regarded as fa l l in g  in to  two main types; a d iv is io n  
which i s  supported by evidence from the p o la rim etric
measurements o f the v e lo c ity  o f the anionotropie changes. 
The f i r s t  type, simple iso m e risa tio n  re a c tio n s, are 
genera lly  slower than those o f the second type, in  which 
a very reactive  anion such as -Ac o r -QMe displaces the  
o rig in a l io n  o f the e s te r, hut y ie ld  products o f h igher 
o p tic a l ro ta to ry  power and o f opposite con fig u ra tion .
While t h is  work was p rim a rily  undertaken w ith  the  
in te n tio n  o f in v e s tig a tin g  the dissymmetry induced in  
the double bond, i t  was re a lise d  th a t in  order to over­
come the experimental d i f f ic u l t ie s  encountered, a 
knowledge o f the conditions determining the anionotropie  
change between the isom eric alcohols and th e ir  e ste rs  
was e sse n tia l. The use o f o p tic a lly  active m ateria l 
proved to be a valuable weapon in  the attack upon the  
problem, and the data collected are more precise and 
more fa r  reaching than those h ith e rto  availab le . T h is  
section o f the work has confirmed the general p rin c ip le s  
enunciated by Bu rto n  and Ingold , but has shown tha t in  
c e rta in  connections, th e i r  simple ru le s  are in s u f f ic ie n t  
to  account s a t is fa c to r i ly  fo r  a l l  the phenomena.
The discovery th a t the e ste rs o f the more stable  
alcohol were themselves capable o f exchanging an anion 
fo r  one obtained from the so lvent b ring s out qu ite  c lea r­
ly  the part played by the re la t iv e  ease o f io n isa tio n  
o f the e ste rs  in  determining the eq u ilib rium  p o s itio n  as
& whole, end an attempt has been made, on th is  b a sis ,
t
to fora a constructive theory to account for  the systems 
great m obility. Unfortunately, the comparative study 
o f  the anio not ropy o f members o f the a l ly l  alcohol se r ie s  
has so far been persued with reference to «-su b stitu en ts  
only, but the way i s  now open for a thoroughgoing in v est­
ig a tio n  o f the e ffe c ts  o f V-substitution alone, and o f  
substituents in  both the * - end Y-po s i t  ions.
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The (+) and (-) Y-Jhenyl-oc-meth y la X ly l A loohols.
R eery et a l l  i  s at ion o f the cinchonldine s a lt  o f d l- jf-  
pheny 1 - OMaethylally 1 hydrogen phthalate y ie ld s  the 
o p tic a lly  pure (+) hydrogen ih th a lio  e s te r: the (-)
hydrogen phtha lic  e s te r om  be obtained by re c ry s t-  
a l l  i s  at ion o f  the corresponding brucine s a lt*  The 
ro ta to ry  powers (±44 .6°) o f  the two hydrogen phtha lic  
e ste rs  thus obtained are unchanged when the e s te rs  are 
re c ry s ta ll is e d , although d + dl-hydrogen phthalic  e s te rs  
obtained from  incompletely resolved a lka lo id  e l s a lt s  
can be separated by c ry s ta l l is a t io n  from so lv e n ts , 
notably carbon d is u lrh id e , in to  pure d l-  and (+)-ecid  
e s te rs . The sp e c ific  ro ta to ry  powers o f the (+ )-eeid 
e s te r In  va rio u s so lve n ts are given in  Table V • When 
sa jo n lfle d  w ith  sodium carbonate s o lu t io n , these e s te rs  
gave unexpectedly the d l-a lc oho l. The o p tic a lly  active  
alcohols can be obtained, however, by saponifying the  
hydrogen phtha lic  e s te rs  w ith  sodium hydroxide so lu tio n s !  
the more concentrated the so lu tio n  employed, the h igher 
the ro ta to ry  powers o f the re s u lt in g  a lcohols. Even 
under the meet favourable experimental co nd itions some 
racem isation occurs, since the ro ta to ry  power and 
m elting po in t o f  the o p tic a lly  active alcohols obtained
can be raised by r e c r y s ta lllsa t io n , being f in a lly
obtained from a mixture o f  methylene ohloride end
I etroleum ether with m. p. 61° and +28.3° In carbon
disulphlde so lu tion . The recrysta lllaed  alcohol when
reconverted Into i t s  hydrogen Phthalic ester  gave a
product o f rotatory power Identica l with that o f  the
hydrogen phthalic e ster  from which i t  had been obtained.
The (+) aloohol thus obtained can be reduced to ( - )methyl
/W henethyl osrbimol possessing a rotatory power in  c lo se
agreement with that o f  the l-iaethyl-/3-rhenethyl caTblnol
45obtained by d irect reso lu tion  . This affords fa ir ly  
conclusive evidence that the (+) end (-) V-phenyl-ou 
m ethylallyl alcohols have been iso la ted  in  an o p tic a lly  
pure s ta te . In Table ST, the rotatory powers of the 
(+) alcohol are compared with those o f (-) methyl-/3- 
phenethyl oaroinol.
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1S£. SirCclflo Rotatory Bower o f Y-H tegyW -aeth jr la lly l 
Hydrogen K ithallo Ester  in  Various Solvents. (See Table Y ) .
TAwLE Y .
S p e c if ic Rotatory Bowers o f (+-) - jf-Phany 1 - cx-a e th r la lly I  
Hydrogen Phth a la te  In  TarIona solvent s .
( i . 3 | c .8  . 00) at room ten errtura. (Baa F ig .III).
So lve n t. [ex] H . , [oQ5 S « | 3 B iz o
Carbon B isu lp h id e + 37.38° ±39 . CC* + 4 4 . ? : ° ± 87.4°
Py rid in e + 3 9 .8 + 21 .3 + 24.2 ± 4 3 . 0
Acetic Acid. + 29.1 - + 25 .8 + 47 .6
Benzene. + *  0 + 4 .7 4- 5.1 + 7 .8
Carbon Te tra c h lo rid e , + 3 .3 + 4 .7 + 4 .9 + 7 .2
Chloroform . +  2 .0 *± 2 .2 +  8 .3
Methyl Alcohol (0 ,1 4 .6 ) •  7 2 •  7.4 •  8 .4 •18.3
E th y l A lcohol. •13.8 •X4.x —28.0
Acetone. «4Q#3 • 1 X .8 -0 2 .6 •22.3
E th e r. •14.8 • 2  6 . 5 -3 2 .2
Ethylene Dibromlde. •  8.2 - •2 X .X -1 9 .6
E th y l Acetate.
0art1 - •23.7 -41 .8
Dloxan. -  7.2 -  3 .2 • 9 .2 -1 7 .7
Carbon B isu lp h id e . -36 .23 -37.39 . 3 3 -38.74
Comparative Ro ta to ry  Powers o f Sa tu rated and Unoaturated
Alcohols.
TABEE VT.
0 ]  y r  Lro
(—) HuCHg.CH^.CHOH.Me -16.75° 1.670 -25.3 2
(-) CHj .CHj .CHOH. Me -16.10 1.662 -11.91
(+) Ph. CH=CH. CHQH.Jle +39.48 2 .0 6  +58.43
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(+) CH£= CH. CHOH.Me + 40 .38  1 .S02  +29 .07
The rotatory powers o f (+)-butan-2-ol and (+) -© ethyl-
v in y l carbinol are also Included in  th is  tab le  because
they show (a) that when the hydrogen atom in  the (S-
p osition  in  both the saturated and unsaturated a lip h atic
aloohols i s  replaced by a phenyl group, the molecular
rotatory rowers are approximately doubled, (b) that the
introduction o f an A a -  bond into both the a liphatic
and semi-aromatic alcohols not only more than doubles
the rotatory power but also  reverses i t s  sign . In
compiling th is  tab le I t  has been assumed that (-)raethyl-
v in y l oerbinol has the seme configuration as (+)-butan-
2 -o l , since (-)-n -b u ty lv in y l carbinol has been proved
to have the seme configuration as (4-)-ethyl-n*butyl 
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carbinol .
In Table Y H t the properties o f  (+)-Y -rheryl-a- 
m ethylally l alcohol end i t s  d erivatives ere compared 
with those o f the corresponding saturated a lcohol,
(+) methyl-^-phenethyl carbinol.
TABLE YDT^
The J * o je r t ie e  o f  (+)Me th y l-/3-ihenethj l  carb ino l and 
(+) Y- Ih a n y l-oH aeth jrla ll y l  a lcohol.
(+) Methyl /3-thenethyl (+) Y -Ihe ny l-o i-ne thy lc lly l
carbinol. alcohol.
So" 1 8 1
1+)Alcohol (1 ,3 .0 ) + 6.94” + 42.0°
54* /
d ispersion  3.680 2 .0 6
(48)
Acetate o f (+)alcohol ot.?(1 ,3 .0 ) 3.72 2 66®0 °
2.0* /
dispersion  0 .2 1 *928
Hydrogen Phthalate o f (±) elcohol
foQ c ,5  In e th y l alcohol +54*4
S?13 '**
•3 5*4
Be Pa O il 92-93 ,5°
Rydrogen Phthalate o f d l-a lcoh o l
e l l 68.5°

TABLE SHE .
I f i r l f t l l i i  o f  Ro ta to ry  Bower o f (-+)-Y-lhenyl-ou^ e th y l-  
e l ly l  Alcohol £ l$ h  Temperature. ( 1 ,0 .5 ) .
^5190 0C5V+1 __ (X+$5'f
51° + 37.96° +23 .00° +43.25°
59.5° 17.66 20.68 41 .56
74 #5° 16.54 19.26 39*65
95.0° 15.28 17.82 35.63
TABLE t t
S p ec ific  Ro ta to ry  Bowers o f (+ )-Y- Ih e n y l-oc-m e th y la lly l 
Alcohol ta  Various Solv e n ts . (1^2.0)# a t room temperature.
So lve n t.
Gra. per 
i  nftc.G .soin. foci [oc]L J SlBo [oc] [oc]
ly r id in e . 5.000 +28.8° +32.3° +36*5° +73.3*
Carbon D isu lph ide* 5. OOC 23.65 25.0 28.3 59.3
Chloroform . 5 .000 24.7 26.5 3C.9 60.7
E th e r. 5 .000 22.2 2 4 .8 28.5 54.5
E th y l A loohol. 5.000 3 8 .5 20 .8 23.7 49 .0
Bemene. 4.070 18.2 39.4 22 2 43 .0
Acetone. 5.000 16 .8 3 9.1 23 .8 4 5 .0
• (-)-Y-Hienyl-oumiith y la lly l  A idohol.
Carbon D isu lp h id e . 4 .498 *■23.55' -2 4 .^ —28.0 -56.0°

SpecIfi *.___
Alcohol in Solvents aVarious Tabl
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In Figure ( I I I )  and Figure (T l) th e s p e c if ic  
ro ta to ry  powers in  v a r io u s  so lv e n ts  o f  (+)-Y-phenyl~o<- 
m e th y la lly l hydrogen p hthalate and (+) Y-phenyl-oum ethyl- 
a l ly la le o h o l ,  r e s p e c t iv e ly ,  are p lo tted . The method o f  
p lo tt in g  used was to  p lace th e  v a lu es  o f  M .^ (, in  
d if fe r e n t  s o lv e n ts ,  on any a r b itr a r ily  chosen s tr a ig h t  
l i n e  passing through th e  o r ig in . The v a lu es  o f  [°0MW 
and [<<*] were then  p lo tted  fo r  each s o lu t io n , tak ing  as
a b sc is sa , th a t o f  th e  corresponding va lu e  o f  C°0 5if4l*
In each ca se  th e  v a lu es  o f  and [°0„w were
found to  l i e  upon s tr a ig h t  l i n e s ,  a l l  th ree  l in e s  in te r ­
s e c t in g  a t th e  orig in *  (+ )-V -Ih en y l-oM n eth y la lly le lcoh o l 
and i t s  hydrogen p h th a llc  e s t e r ,  th e r e fo r e , d isp la y  th e  
sane d isp e r s io n  in  a l l  so lv e n ts ;  th a t i s  to  say -  in  the  
v i s i b l e  reg io n  o f  th e  spectrum -  both  compounds have 
•Horaal D ispersion*'.
dl-Y-B ienyl-oc-diiethyla l ly l  alcoho l  (119g.)  , prepared by
the addition of cinnamaldehyde (126g.) to the Grignerd
reagent prepared from magnesium (24g.) end methyl
bromide (9 8 g .)t has b .p . 129-131°/llmm . I t  se ts  to a
so lid  mass o f sm all9 irregu lar, prismatic need les,
m. p. 30-31.5°. I t s  phenyl urethane separates from ether
49and petrol in  f in e  hairy need les, m. p. 93-94° (Klages 
g ives m.p. 94-95°) and i t s  j?-xenylurethane from benzene 
in  ro se ttes  o f small need les, m.p. 162-163° (Found,
N, 4.26; C^H-uOjI requires N, 4 .1 # ).
Attempts were made to separate dl-Y-phenyl-cx- 
m ethylallyl alcohol into ciB - and tran s- forms by
(a) fra ctio n a l d i s t i l la t io n ,  (b) partia l fusing o f the 
s o lid if ie d  alcohol and draining o f f  the liq u efied  
portion and (c) c r y s ta ll isa t io n  from methylene chloride  
and petroleum ether. The various fraction s of the 
alcohol from (a) and (b) a l l  had m. p. 30-31.5°; the 
alcohol a fter  c r y s ta ll is a t io n  from methylene chloride 
and petroleum ether, from which i t  separates in  
spherical c lu ster s  of f in e  n eed les , has m. p. 33°. 
d l-  Y-Ffrenyl-ot-methylallyl-p-nitrobenzo ©te.
i mug i --T . r * i i  4—  — *  o—Sw nm* i  ■■ w.—▼ in—  — hi n i ... .  i i i—>i in. - — —
P-Nitrobenzoyl chloride (18.8g.) was added in  portions 
to a stirred  mixture o f d l-  Y-phenyl-a-m ethylallylalcohol 
(1 4 .8g.) and pyridine (lOg.) end the so lid  reaction
EXPERIMEMAIi DETAILS .
product taken up in  ether and sodium carbonate so lu tion  
The dried ethereal so lu tion  was evaporated to small 
bulk, mixed with petroleum ether and allowed to cry sta l­
l i s e .  The j>-nitrobenzoate (2 3 g ., m. p. 56-58°) separates 
from ether and petroleum ether in almost co lou r less , 
short, fin e  need les, m.p. 58-59°. (Found, N,4.7:
C n H /5 O^ N requires 11,4.7#).
dl-Y-Phenyl-cc-m eth yla lly l hydrogen phthalate.
( i ) .  A mixture o f the alcohol (148g.) , phthalic anhydride 
(148g.) and pyridine (lOOg.) was heated for 1 .5  hours
on the steam bath when i t  became a homogeneous viscous 
liq u id . Next day the product was d issolved in  acetone 
(500c.o .) and mixed with ice-co ld  d ilu te  hydrochloric 
acid; the liberated  o i l  a fter  s tirr in g  with a large 
volume of water soon se t to a cry sta llin e  mass (218g.
* 75#, m.p. 85-90°). The hydrogen phthalic ester  
separates from carbon disulphide or from a mixture of 
ether and petroleum ether in  irregular g lassy  rhombs, 
m.p. 92-93.5°.
( i i ) .  Phthalic anhydride (3 .5g .) was added to the 
Grignard complex obtained by the in teraction  in  ethereal 
so lu tion  of magnesium (0 .3 g .) methyl iodide (3 .6g .) and 
subsequently o f cinnamaldehyde (3 .2g .) and the resu ltant
* V 1k' w'V
paste triturated  for a few minutes u n til i t  changed to  
a yellow ish  brown powder ea sily  removable by f i l t r a t io n .
I t  was taken up in  ether and d ilu te  sodium carbonate 
so lu tio n : th e  sodium carbonate e x tr a c ts  on ad d ition  o f  
h ydroch loric acid  genre an o i l  which ra p id ly  c r y s t a l l i s e d .  
The hydrogen p h th a lic  e s te r  ( 2 .5 g . ,  m.p. 9 0 9 3 ° )  
separated  from carbon d isu lp h id e  in  g la s sy  rhombs, m. p. 
and mixed m.p. 9 2 -9 3 ° . Found, by t i t r a t io n  w ith  NaOH, 
M.W. 293. C^E^Ofy.  req u ires  M.W* 296. Repeated c r y s ta l ­
l i s a t i o n  o f  dl-V-phenyl-own e th y l a l ly  1  hydrogen p hthalate  
did  not a l t e r  i t s  m. p. and th e d l-Y -r& enyl-tt«m ethylally l 
a lco h o l obtained from i t  by sa p o n if ic a tio n  had b .p . 
in ft/im m , and m. p. 3 0 -3 1 .5 °; 4# 1 .0 7 2 , 4 $  1 .0 4 0 ,
d*.5' 1 .0 1 2 , dT ° 0 .9 9 0 , n£ 1.5741 , 1 .3 6 9 2 , n£° 1 .5621 ,
[P ] 367.4 (Mean Value between 17-43°C) C alc . 372.1 .
( 4) - Y—Eheny 1 - owaethy 1  a l l y  1  hydrogen gh th ala te .
C inchonidine (3Qg.) was d isso lv e d  in  a hot so lu t io n  o f  
th e  dl-faydrogen p h th a lic  e s te r  (30g .) in  e th y l a ce ta te  
( 9 0 c .c . ) .  The c in ch on ld in e s a l t  o f  (4- ) - Y-pheny1-oc- 
aeth y l a l l y l  hydrogen p hthalate (2Sg.) separated on 
co o lin g s i t  was obtained  o p t ic a l ly  pure, t u f t s  o f  
f ib ro u s  n e e d le s , m.p. 179 ° (decomp.) 7 . 5g . , w ith  
M S 8 n - 2 8 . 9 ° ,  C « ]57W- 3 C . 1 °  ,  M 5^ -Z6.4°, M ^ - O B . 8 * ,
(C ,5 .0 5 0 j 1 ,2 )  in  chloroform  so lu t io n . Th. c in ch on ld in e  
s a l t  on decom position  w ith  d i lu te  h ydroch loric  acid  
y ie ld e d  (+) - )(-p hepyl-oM n eth y la lly l hydrogen phth a la te  
which c r y s t a l l i s e s  from carbon d isu lr h id e  and petroleum
eth er  in  f e l t e d  masses o f  f in e ,  h a iry  n e e d le s , m .p .68.5° 
( t h is  va lu e  was unchanged a f te r  18 months©). The 
ro ta to ry  powers are g iv en  in  Table T  
(+) -Y-Hien y l-oc-n ie th y la lly l  Alcoho l .
The a looh ol o f  h ig h e st  ro ta to ry  power was obtained when 
th e  fo llo w in g  procedures were fo llow ed  (a) (+) -hydrogen  
p h th a lic  e s te r  (3Cg.) was heated 1 hour on the steam  
bath w ith  sodium hydroxide (4 5 c .c . 5N.) and the m ixture 
* d i s t i l l e d  in  a current o f  steam. E xtraction  o f  the  
steam d i s t i l l a t e  y ie ld ed  the (+ )-a lc o h o l (I3 g .)  b .p . 
128^1 Omm . , a . p. 49-50° w ith  +6.4° » + 7 .5 ° ,
o c^  +14.4* ( 1 1 0 .2 5 ) . A fter  keeping the a lcoh o l in  a  
c lo sed  v e s s e l  fo r  n ea r ly  2 years i t  had +11.86° 
(1*0 .5 ) •
(b) ( - ) -hydrogen p h th a lic  e s te r  12g .) in  hot e th y l  
a lco h o l (4 0 o .o .)  was mixed w ith  aqueous sodium hydroxide  
(3 0 c .c . 531) and a fte r  h ea tin g  under r e f lu x  15 minutes 
d i s t i l l e d  in  a current o f  steam. The a lc o h o l, which 
s o l id i f i e d  in  th e d i s t i l l a t e ,  had, a f te r  d e s ic c a t io n ,  
m.P. 65° and [ * 1 - 2 1 . 2 °  in  carbon d ls u l  h id e so lu t io nSHI
( c ,5 .0 0 ;  1*2 ). Even under th ese  co n d itio n s some 
racem ie& tion had occurred s in c e  both th e  ro ta to ry  power 
and the a . p. o f  the a lco h o l thus obtained were ra ised  
by c r y s t a l l i s a t io n .  That from experim ent (b) a fte r  one 
c r y s t a l l i s a t io n  from a m ixture o f  methylene ch lo r id e
o yfand petroleum  eth er  had m.p. 61 ,
-2 8 .0 °  (c,5.0Q » _1,2) In  cerbon d i s u lh id e  so lu t io n .  
The maximum v a lu es  obtained  are recorded, in  Tables YQH
and nr
( . )  -  Y-J h ea y l-^ -ff le th y la lly l hydrogen P h thalate.
The f i r s t  f i l t r a t e  from the c r y s t a l l i s a t io n  o f  th e  
oin ch on id ine s a l t  y ie ld e d  a hydrogen p h th a lic  e s te r  (1 8 g .)  
w ith  (£*8 in  oarbon d isu lp h id e ) . This was
d isso lv e d  in  acetone (3 0 c .o .)  end brucine (3 4 g .) d isso lv e d  
in  th e so lu t io n -  On c o o lin g , th e  brucine s a l t  o f  ( - )  -Y -  
p henyl-tx-m ethylally l hydrogen phthalate separated in  
sm all n e e d le s , and was obtained o p t ic a l ly  pare a f te r  two 
fu r th er  c r y s t a l l i s a t io n s  from aceton e, (deoomp. about lid) 
& W  - 31’ 0 ' '  H -n o " 3 6 -^ t  W .U1 - 4 8 .7 ° ,  W MW-a 0 2 .0 ”
(o ,5 .3 2 5 s 1 ,2 ) in  chloroform  s o lu t io n . On decom position  
o f  th e  brucine s a l t  w ith  hydroch loric ooid ( —) -V—phenyl- 
cx-a e th y la ll y l  hydrogen p h th a la te  was ob ta ined . I t  
sep aratee  from oarbon d isu lp h id e  and petroleum eth er  in  
masaes o f  f e l t e d  n e e d le s , m.p. 6 8 .5 ° .
The o p t ic a l ly  a c t iv e  fe r n s  o f  Y-phenyl-o(-methyl-. 
a l l y l  hydrogen p h th e la te  are much more so lu b le  than th e  
in a c t iv e  v a r ie ty ;  when carbon d i  su lph ide so lu t io n s  
con ta in in g  equal amounts o f  th e  ( + ) -  and o f  th e  ( - )  -  
forms were mixed th e  c r y s ta ls  which separated were g la s s y  
rhomb8 o f  th e  d l-hydrogen  p h th a lic  e s te r  m.P. 9 2 -0 3 ”.
( - ) -Y-Ph.xaf j - oc-m eth ylaL ly l a lc o h o l, obtained  from th e  
( - )  -hydrogen p h th a lic  e s te r  c r y s ta l l i s e d  from methylene 
ch lo r id e  and petroleum eth er  i s  la r g e  hexagonal p la te s  
o r  long fo u r-s id ed  prism s, a .p . eT . Eouel amounts o f  
( + ) -  end o f  ( - ) -  V -phenyl-N -m ethylally l a lc o h o ls  o f  m.p.
63° were fu sed  together* a f te r  s o l id i f i c a t io n  th e  d l -  
product had m.p. 3 3 .5 ° .
(+ )-l-H ien y l-cx -m eth y la lly l a lo o h o l, M S1U, +28.2° ( e , 5 . 0;
J.,2  in  carbon d is u l  h id e  so lu tio n ) was reconverted  in to  
i t s  hydrogen p h th a lic  e s te r ;  t h i s  had sup. 68° and 
fe-Wi +® 4.7° (c., 2 .906; 1 ,2 ) In  carbon d lsu lp h ld e  s o lu t io n .  
The p-x e a y l urethane o f  (+) -V -phonyl-cx -n e th y la lly l a lc o h o l, 
n e e d le s , m.p. 179 -180°, f  t ora m ethylene ch lo r id e  end 
petroleum e th e r , has M sm +16 3 . 3 ° , W 5w + 176 .6°,
M wt, +200.1° , M M5+408° ( e , 0.6385; 1,,2) in  chloroform  
s o lu t io n . Found, N, 4 .2 ;  C^H^O^H req u ires  I ,  4.1 j>.
(+) -  l-P h en y l-cx-m eth ylr-lly ! a o e ta te . prepared by g en tly  
h eatin g  a m ixture o f  th e  (+)-a lo o h o l (5 g .) , pyrid ine (4 g .) 
and a c e t ic  anhydride ( 3 g .) , has b .p . 132-13379mm.,
1 .5369; c*5en +34.16°; +35.78°; +41.51°;
OC + 80 .0° (1 * 0 .2 5 )j In  chloroform  s o lu t io n  ( c f 5.C20|ipSSg
r , 2) i t  hsd [tx]seii+ l3 2 .8 ° ;  M sno + 86. 2° I [o c ]^ +3 08 .7°;  
[ « L  +206.3%
(+ )-V-H ien y l-c<-ae th y la l l y l  p-a l t r o b m s o a t . ,  l e a f l e t s , 
m.p. 41° • from a m ixture o f  eth er  end petroleum eth er
(Found, R, 4.81 Cn H|504»  req u ires  H, 4 .7 ) 0 ,  ha«
W stM -27 . 0“ J [«]„,. -2 7 .5 ° , M 5mi «*S.8*» -87.4 *
(0 .4  .4501 1 ,2 )  in  chloroform  so lu t io n .
S ed uction  o f  (+) -  X-R isn y l-cx-n e t h y la l ly l  a lco h o l to  
( -/3-Ih en e th y l m ethyl c ; r b in o l .
1’he a lco h o l (4 .4 g . w ith  [a]  ^ +23,65° in  err bon d lsu lp h id e  
so lu tio n ) was reduced w ith  hydrogen in  the presence o f
platinum  c a ta ly s t  prepared according to  the method o f
50Adams, Voorhees and Shriner . The ca lcu la ted  volume o f  
hydrogen was absorbed w ith in  one hour. The r e su lt in g  
(_ )-/3-phenethyl methyl c a r b in o l , which had no a c tio n  on
o 18^bromine s o lu t io n ,  had b .p . 1 2 7 / 1 6mm., and k5S,<,s -3 .4 2 °  1
« 5fi» -3 .5 9 °| «?„, -4 .04° t K iss  -6 .6 9 °  (1 ,0 -2 5 ) . I t s
phenyl urethane (Found, S , 5.4* C n H|{)OaS req u ires S ,
5. 2fi) had m. p. 47-48° a lone or  admixed w ith  a specimen
prepared from th e  a lco h o l o f  Pickard and Kenyon. She
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v a lu es  g iv en  by Pickard and Kenyon , fo r  th e ro ta to ry  
powers o f  t h i s  a lco h o l prepared by d ir e c t  r e s o lu t io n  
are oc'“ ( - 4 .1 0 ° ,  -6 .8 5 °  ( fo r  1 ,0 .2 5 ) .  This
specimen prepared by Pickard and Kenyon a f te r  keeping  
some 22 years was found to  have (w ithout r e d i s t i l la t io n )  
th e  fo llo w in g  ro ta to ry  powers oc"wi - 3 . 88°; / t y  -6 .52°  
( 1 ,0 .2 5 ) .
in  v iew  o f  th e  change in  th e  s ig n  o f  ro ta to ry  j owsr
undergone by (+) -Y -p h en y l-a -acrth y la lly l a lco h o l a f te r  
I t s  con version  to  (—) —/3-Phenethyl methyl carb in o l i t  i s  
in te r e s t in g  to  n o te  th a t w h ils t  th e  l e s s  so lu b le  
cinohonld ine s a l t  o f  th e hydrogen phthalio  e s te r  o f  th e  
former g iv e s  r i s e  to  th e  (+ )-a lc o h o l and th e  l e s s  so lu b le  
brucine s e l t  o f  th e hydrcgen p h th a lic  e s te r  to  the ( - ) -  
a lc o h o l, th e  converse i s  th e ca se  w ith th e la t t e r ;  the  
l e s s  so lu b le  c in ch on id in e  s a l t  o f  th e hydrogen p hthalio  
e s te r  y ie ld in g  th e  ( - ) -a lc o h o l and th e corresponding  
brucine s a l t  th e  (+ )-a lc o h o l.
Y-Ih e n y l-a -a e t h y la l ly l  ch lo r id e  could not be prepared by 
in te r a c t io n  o f  th e a looh o l w ith  phosphorus tr ic h lo r id e  
in  th e presence o f  p yrid in e . Attempts lsd  to  the  
form ation o f  a re s in o u s mass; but i t  was found th at i f  th e  
r e a c tio n  m ixture contained a 5C$ excess o f  th e  a lcoh o l a 
c o n s ta n t-b o ilin g  l iq u id  oould be is o la te d . (d l) -Y -  
Ih en y l-O u a e th y la lly la lco h o l (7 . fig.) was w ith
p yrid in e (3 g .)  and eth er  (15 0 *0*) and slow ly  dropped 
in to  an ic e -c o ld  m ixture o f  phosphorus tr ic h lo r id e  (l*5g»)  
and ether ( i c c . c . ) .  The ether s o lu t io n  was then poured 
o f f  th e  v isc o u s  o i l  which sep ara ted , and was d i s t i l l e d ,  
lea v in g  a c o lo u r le s s  o i l ,  b .p . 1 04°/9mm., ( 3 g .) .  The 
same product i s  formed when th e  a looh o l (5g«) mixed w ith  
p yrid in e  (2 .7g») end e th er  i s  dropped in to  th io n y l  
ch lo r id e  (3* fig.) and eth er  (2 v o l s . )  in  a fr e e z in g
m ixture. Here th e product v«*g.) has b . i .  lCS/'l Omm.,
standing. I t  contained no ch lorine, but on eh king with  
s ilv e r  n itra te  gave a bulky white p rec ip ita te , which 
(2 .1 3g.) on ig n itin g , l e f t  a residue o f bright m etallic  
s i lv e r ,  (0-375g.) ; the organic m aterial in i t  caught 
f ir e  during the ig n itio n  and burnt with a smoky flame.
The s ilv e r  sa lt  i s  s o f t ,  and reta ins b  sweet smell even 
after  washing w ith  ether. I ts  composition appears to  
be variable. The same preduet resulted from attempts 
to prevarc ou;henyl-Y-netlyXallyl chloride in  ft sim ilar  
way, end i t  was found that when o p tica lly  active  
alcohols were used, the product was always in active.
On heating the product with a lcoholic  caustic  soda, 
followed by steam d is t i l la t io n ,  phenyl butadiene (b .p . 
95?15mm., a . p. 3°C. # n^ ° 3.6084) i s  formed. The product 
from these reactions may ic ss ib ly  be an isomer o f phenyl 
butadiene formed by removal o f the elements o f  hydrogen 
chloride from an unstable intermediate chlorine compound.
BiCH(OH) CHiCH. Me HaCHtCH. CH(OH) Me
ttC=C.C*H5 /=■ HjCHjCjCH.Me owphenyl-^/3-butcdlene
10° 1.584-6, soon became cloudy, and polymerised on
NaOH
HtiHtCH.GHsCH o(-phe&y 1 - a-Y-b ut ed iene
Like c*-phenyl-ocY-butadiene the new product absorbs two 
atoms o f bromine (calculated  upon a molecular weight 
of 130) forming a dibromo-derivative HiCHiCH.CHBr.CH^Br 
m. p. 920 and mixed with a sample o f the authentic 
m aterial m.p. 9 2 i n ch aracter istic  aggregates of 
prismatic needles (Found, Br, 54.8#; Cl0 H}0Br^  requires 
Br, 55.2#)* I t  also decolourises acid permanganate 
so lu tion . (Found: C, 84.5; H, 7.5#: Cj0 H(0 requires
C, 92.3? H, 7.7#): the analysis shows that the product 
i s  not pure.
SECTION I I .
The Pngymme tr lo a l Addit ion o f Bromine to Sub s titu ted
A lly lc lco h o lg .
The a d d itio n  o f  bromine to  c* Y -d im eth y la lly ln lcoh o l end 
e th y lv in y lc sx b in o l has already been d iscu ssed  in  
Chapter IV. and consequently  th e  experim ental d e t a i l s  
on ly  are g iv en  h ere . In order to  make a fu r th er  
in v e s t ig a t io n  in to  th e course o f  th ese  r e a c t io n s , th e  
s im ila r ly  c o n s t itu te d  a lco h o l (+) -Y-phenyl-o(-<aethyl- 
a l ly lr lc o h o l  was chosen as being l ik e ly  to  a fford  
c r y s t a l l in e  d ib rom o-^ eriva tives. This a lco h o l co n fin es  
r e a d ily  and com pletely  w ith  bromine a t 18° to  g iv e  a  
m ixture o f  two m th y l-^ -d ib sro m o -^ -rh en y le th y lo rrb in o ls  
( I I )  which, w ithout c r y s t a l l i s a t io n  or o th er  form o f  
sep a ra tio n , i s  sm oothly o x id ise d  to  (~) -m ethyl oyJ- 
dibrono-y3-xhenylethyl ketone ( I I I ) .  By f r ic t io n a l  
c r y s t a l l i s a t io n  (I I )  c m  be separated  in to  a ( + ) -  and
a ( - )  - iso m e r ld e , m. p. 112-113° ( f in e  h a iry  need le* fron  
l i g h t  petroleum) end 87-88° (la r g e  g la s s y  prisms from 
l i g h t  petroleum) r e s p e c t iv e ly .  The ro ta to ry  powers are  
g iv en  in  TableXT. O xidation  o f  th e a looh ol o f  h igher
CHMe(OH) .CHtCHPh—» CHMe(OH) .CHBr.CHI 
+45.7- WL., in  CHClj
. Br H i—+COM*.CHBr. CHBr Hi
-31.3
(III)
2 03*
m.p. y ie ld s  a (+ )-k e to n e , and th at o f  th e o th er a lcoh o l 
a ( - ) -k e to n e , both o f  m.p. 127°. S in ce  th e ro ta tory  
era o f  th e se  two ketones (Table X) , although o f  
o p p o site  s ig n , ere o f  equal magnitude, I t  i s  very  
probable th a t they ere  o p t ic a l ly  pure su b stan ces, and 
thus i t  i s  p o ss ib le  to  c a lc u la te  th e degree o f  e f f e c t ­
iv en ess  o f  th e  asymmetric sy n th e s is .
In a sim ilar way th e  (-)-fo rm  o f  (I )  afforded a 
( - )  -m ethyl-ot/W ibrom o-/3-phenyle‘th y lca rb in o l o f  a . p.
% 12-113°# which proved to  b e th e o p t ic a l  enantiomorph 
o f  th e l e s s  so lu b le  d ibrom o-alcohol mentioned above, 
and on o x id a tio n  i t  was converted in to  o p t ic a l ly  pure 
( - ) -m ethyl oys -dibromo-^3-;heayleth y  1 ketone.
These r e a c tio n s  are i l lu s t r a t e d  in  d if fe r e n t  ways by 
Table X.
1C4.
I abw^x
A dditio n  o f  Bromine to  (+) Y-H ie n y l-K-me th y lal l j l E looh o l,
(+)-CHH)Br.CHBr.CH(OH)Me 
(m.p. 3 3 2°),
(+)-CHItoBr.CHBr.CH(OH)I«e 
(m.p. 88°)
(m .f.3  27°)
(+)-CHIb.CH.CH(OH)Me (+)CHttBr. CHBr.COB# (-)CHHi:CH.CH(OH)Me 
(» . P. 61°) (-)CHShBr.CHBr.COM#
(m.p. 32 f ) .
(-)-CHHiBr.CHIir.CH(OH)Me ( - )  -CHIhBr.CHBr.CH(OH)Me
(m.p. 88°) (m.p. 3 3 2°)
(+ )(+ ) (m. P .332') (+) (m .p.3
Fh m
I
H—C—Br
I
H -C —Br
H—C -B r
+>H—<1—Br
h m
\ /c
/ \ .
H V/C
Me ^OH
H—C—Br ,C
I
OH 0
m  a
I IBr-C—H Br-C—H
Br—C—H  » Br-C—H
I
H—C—Me
I
OH O' Me
(+ ) ( - )  (m .p .8 $  (-)(m .p .3  2f°)
.A.
Each o f  th e  o p t ic  a l ly  a c t iv e  dibromo-f I c o h o ls , s in c e  i t  
co n ta in s  th ro e  asymmetric c e n tr e s , I s  th e o r e t ic a l ly  
capable o f  e x is t in g  in  fou r isom eric forms the m ixture 
o f  which on o x id a tio n  should g iv e  r i s e  to  two Isom eric 
d ib ron o-k cton es. The dibrorao-ketone, however, was 
homogeneous and obtained in  good y ie ld ,  showing th at  
o n ly  two o f  th e  fou r p o ss ib le  isom eric d ibrom o-alcohols  
were present in  th e  m ixture. This i s  in  harmony w ith  
th e  fa c t  th a t Y—phenyl-c*-m ethylallyl a lco h o l behaves 
l ik e  a s in g le  geom etrica l isom eride and not as a
m ixture o f  e l s — and trans-forms**1 ♦
52 53The work o f  Soper and Smith and o f  E ichelb  erger
su g g ests  th a t ,  In  th e  ad d itio n  o f  halogens a t the  
e th y le n lc  lin k a g e , th e a ttack  i s  by th e to la r ise d  
m olecule and not by c ith e r  o f  I t s  Ions, The p o s it iv e  
pole i s  assumed to  en ter b efore th e  n eg a tiv e  p o le , th e  
l e t t e r ,  in  io n is in g  so lv e n ts  b ein g  lib e r a te d  as on anion  
a f te r  a d d itio n  o f  th e  former has taken p la ce . I t  i s  
probable th a t in  & r e la t iv e ly  n o x w o la r  so lv e n t such as 
chloroform , th e  anion does not a c tu a lly  sep a ra te , w ith  
th e  r e s u lt  th a t t r a n s -  a d d itio n  to  th e  double bond i s  
in h ib ite d , and th e  number o f  d ia stereo iso m erid es formed 
i s  consequently  reduced.
As th© energy o f  a c t iv a t io n  o f  & r e a c tio n  freq u en tly  
v a r ie s  w ith  th e  tem perature e t  /h ich  i t  tak es p la ce ,
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TAl&E zn:
S p ec ific  Rota tory fewer a o f  Methyl «<3.j)lbroap-/3-phonylethyl 
Ketones obtained by Oxidation o f  the Meth y l-a/3-d lbromo-*3- 
^henyjethyloarbinole ije t -x e d  at Temperature t* .
t . Medium. C01] 58^3 [*] 5770 Ms i^ tow* m  chcic
( 1 #2)#c*
-15° CHCI3 —2 0 . 0° - 2 1 .6° -54.1° 2.13
-  6 m - 16.5 17.9 30.3 5.15
+18 m 9.2 10*15
•
19.6 2.70
+60 m +1.7 + 1.84 + 2.45 + 4 .75 3.27
+75 c c \ + 5.50 + 7.50 0.96
^ o f  maximum 
rotatory pow.
Ms*. ±52.6°
41.1 Of ( - )  
34.0 * ( - )
39.4 " (-)
4 .7  " (+)
6 .7  " (+)
some v a r ia t io n  in  the com position  o f  th e m ixture o f  
d ibrom o-alcohols was to be a n tic ip a ted  when the a d d itio n  
o f  bromine to  th e  unsaturated a lco h o l was made at 
d if f e r e n t  tem peratures in  the same so lv e n t. Experiment 
proved th a t an unexpected ly  wide v a r ia t io n  in  the  
ro ta to ry  powers o f  th e ketones obtained by o x id a tio n  o f  
th e  m ixtures o f  d lbrom o-alcohols produced at d if fe r e n t  
tem peratures (Table XU) d id  a c tu a lly  occur th e  ( - ) -  
or th e  (+) -k eton e  predominating according as th e temp­
eratu re was low or h ig h .
The f iv e  v a lu es  o f  g iv en  in  Table Hr l i e  on a  
cu rve , but attem pts to  extend th ese  measurements were 
not very  su c c e s s fu l;  a t lower tem peratures th e re a c tio n  
was very s lu g g is h , and a t h igh er tem peratures i t  did  
not proceed sm oothly. McKenzie (Chap. I I ,  p.fo) has 
been eb le  to  p red ict the s ig n  o f  r o ta t io n  o f  su b stitu ted  
g ly o o lU c  a c id s formed by asymmetric sy n th e s is  from 
( - )  -m enthyl benzoyIform ate end from ( - )  -m enthyl pyruvate.
His p red ic tio n  i s  based upon the sen se  o f  th e  co n tr ib u tio n  
o f  th e k eton io  system  to  the t o t a l  ro ta to ry  power o f  th e  
e s te r  in  c e r ta in  a lc o h o lic  so lv e n ts .
C le a r ly , in  th e  above example no such p red ic tio n  
could be made, fo r  th e same i n i t i a l  m ater ia l i s  able to  
g iv e  r i s e  to  e ith e r  th e d e x tr o - or th e la ev o -ro ta to ry  
d ibromo-ketone according to  the tem perature o f  th e r e a c tio n .
In  order to  show th a t  th e d lastereoIsom erid es  
were not in  a s t a t e  o f  tautom eric equ ilibrium  under th e  
co n d itio n s  o f  th e r e a c t io n , a portion  o f  th e mixture 
prepared a t a low tem perature was heated under r e f lu x  
in  chloroform  s o lu t io n  fo r  z hours w ithout any change 
in  com position  tak in g  p lace .
B m m j I A L  M H D 8 .
(+) -Metfayl-wp-dibromoprop ylcarb in o l ( 8. 3g .)»  prepared 
by ad d ition  o f  bromine (e g .)  In  chloroform  (20c .o . )  a t  
room tem perature to  ( - )  -w Y -d im eth yla lly l a looh o l 
( « 5*°u - i . 4 0 ° |  1 ,8 )  (4 .3 g .)  , has u£ 1 .5 3 3 6 , b .p . 1 03? 13mm.,
<*&,, +3.04° , of^w + 2 .3 5 ° , v-'A + 2 .4 6 ° , < s 5e+ 4.90° (1 ,0 .5 )  
(Found* Br, 64 .9 . C5H,0OBr,. req u ires  Br, 65.0)t).
This ( 8 .3 g .) on o x id a tio n  w ith  chromic nhydride ( 2 .£ g .)
In g la o ia l  a c e t ic  acid ( j o c .c . )  a t 60° gave (+ )-m ethyl 
^-dibroxnopropyl ketone ( 4 .5 g . ) ,  b.p* 90/ l 3m m ., 
n^ 1 .5195 , ,3 + 3 *+6 , +v *34* , +3*85 ,
+ 8 .2 5 “(1 ,0 .2 5 )  (Pound* C, 25.4* H, : . 6. C5H_0Bxl 
req u ires  C, 34 .6 ; H, 3 .390 . Zn a s im ila r  maimer th e  
d ex troro ta tory  «Y -d im eth y la lly l a lco h o l ( + 0.38° j
1 ,0 .5 )  obtained  by h y d r o ly s is  o f  (+) -«Y -d im eth y la lly l 
ch lo r id e  gave o p t ic a l ly  in a c t iv e  raethyl-«/5-diiron»- 
propylc r b in o l, b .p . 1 1  S^sanm. ,  which (3 2 .3 g .)  on 
o x id a tio n  w ith  chromic anhydride (3 g .) gave in a c t iv e  
m ethyl a/3-dibromopropyl ketone ( lC g .)b .p . tosftsmm.
A ddition  o f  bromine ( 8g .)  in  50jS chloroform  s o lu t io n  
to  (+ )-Y -rh en y l-« -m eth y la lly l a lco h o l (7 .4 g .)  in  ch lo ro ­
form (3 0 o .c .)  a t room temperature y ie ld ed  a mixture o f
two isom eric m ethyl-a/3-dibrom o-/3-phenylethylcerbinolri' '
, £ •  V i
which, a f te r  removal o f  th e  chloroform , were obtained 3 | 
c r y s t a l l in e  (Pound* C, :-'9.1; H, 4 .8 .  C l0H ^OBr^
requires C, 39.0; H, 3 .9 # .) .
The so lid  residue (15g.) was dissolved in  g la c ia l  
acetic  acid ( 1 5 c .c .) , and the so lu tion  at 60° mixed 
with chromic anhydride ( 3g .) in  portions.
Me1^ l ^(X/^ibroiBO-^-iaiegylethyl ketone separated 
on d ilu tion  with water, and c ry sta llised  from hot 
lcohol in  g lis ten in g  prismatic needles, m.p. 3 27,°
-1 0 .1 5 6 (1*2; £ ,2 .7  in  chloroform) (Found: C, 39.4; 
H, 3.3? Br, 52.2. C|0 H|0QBr^  requires C, 39.2? H, 3.3?
Br, 52.3#).
In a second experiment a mixture of dibromo-alcohols, 
prepared at -15° (9g.) (m.p. 35-70°), was recry sta llised  
s ix  times from hot lig h t  petroleum to constant m.p. 
(112-413°) and rotatory power, M sm +107.1° , M57, +115.9° , 
M 5Zf6( +128.0°, +261.0° (1,2? c ,1.473 in  chloroform).
This homogeneous (+  + ) -methyl~oc/3-dibromo-^>- phenylethyl 
caxbinol ( 2g .)  on oxidation in  acetic  acid so lu tion  
with chromic anhydride (3 .Qg.) yielded (+) -methyl-oc^- 
dibromo-/3-phenylethyl ketone (1 .75g .) as prismatic 
n eed les, m.p. 127° (decomp,)? M SB +42.8° , M s^ 0 +46.1° , 
[a]wi +52.6°, M^sr+ 84.40 (1 , 2 . 0 ? c ,3 .7 0  in  chloroform).
The lig h t  petroleum mother-liquors from the f i r s t  
three c r y s ta llisa t io n s  of the mixed dibromo-eleohols, 
a fter  standing for several days, deposited crysta ls o f  
two d is t in c t  types: ( l)  f in e  hairy needles ch aracter istic
1 1 8 .
Of th e (+  + ) -m eth y l-y 3 -d ib ro a o /-;!h en y le th y lcE rb in o l 
describ ed  above, and ( i i )  lr r g e  regu lar  hexagonal 
prism s. The former were r e a d ily  removed by x o w in g  
o f f  th e  m o th er -llcu o r , lea v in g  th e la t t e r  behind* th ese  
had a . p. 8 7 -8 8 ° , and M ss„ -«7.fif , fe L . -1 1 8 .4 ° ,
-1 1 9 .7 ° ,  M „ jr -3 2 4 .c° ( 1 , 2 . c* e ,8 .4 2  In chloroform ) - 
This homogeneous {+ - )-raethyl-cy3-d ibrom o-/.rhenyl- 
ethylocorbinol (0 .8 g .)  on o x id a tio n  w ith  chromic nhydride  
in  s o e t ic  so ld  y ie ld e d  ( - ) -m ethyl oy3-dibrome-y3-phenyl- 
e th y l ketone ( 0 .1 * . ) ,  n .p . 187° (deoom p.), M w - 4 0 .7 ° ,  
- 4 8 .8 ° ,  ^ «br«f*0 .f° (1 ,2 !  0 ,3 .0 3  in
chloroform ). in  a s im ila r  manner ( - ) - .y -p h e n y l-o ^ e th y l-  
a l l y l  a lco h o l y ie ld s  th e  ( -  - ) -c a r b in o l, a .p . 1 1 2 - 1 1 3 ° ,  
which on o x id a tio n  y ie ld s  th e  (—) -k e to n e , a .p . :2 7 ° ,  
and th e  ( -  + ) -c  r b in o l, m.p. 8 7 -8 8 ° , which on o x id a tio n  
y ie ld s  th e  (+ )-k e to n e , m.p. 1 2 7 ° (r o ta to ry  powers in  
Table XI) .
The a . p. o f  th e  m ethyl /  -dibromo-/3-phenyl e th y l 
keton es i s  very  su sc e p tib le  to  th e r a te  o f  h ea tin g  -  
rapid h e t i n g  g iv e s  v a lu es  as h igh  as 131° . For t h is  
reason  a specimen o f  th e  d l -k e to n e , which m elts a t  187° 
w ith  a normal r a te  o f  h e a tin g , was always used fo r  
comparison. ; * v
The a d d itio n  o f  bromine ( 1  m ol.) to  d l-S -p h en y l-  
o u a e th y la lly l a lco h o l gave a m ixture o f  ieem erlo
d l-d ib rorao -a lcoh o ls , m .p. 60 -90°, which was i—oh aero  
d i f f i c u l t  to  sep arate by fr a c t io n a l c r y s t a l l i s a t io n  
than m ixtures o f  th e  corresponding o p t ic a l ly  a c t iv e  
compounds. A fter  seven  r e c r y s ta l l i s a t io n s  from l ig h t  
petroleum (o th er  so lv e n ts  were t r i e d ) , a fr a c t io n  was 
obtained  o f  a ,p . 128-330°. A m ixture o f  equal amounts 
o f  (+  + ) -  aid ( -  - ) -m ethyl-Y -dibrom o-yS-rhenylethyl 
c a r o ln o ls  had m.p. 3 4 ° , Mid t h i s  when mixed w ith  th e  
former product m elted a t 129-332°; hence I t  appear* 
th a t the sep a ra tio n  o f  th e two Isom eric raeem lc dibromo- 
a lco h o ls  has not been com pletely  e f fe c te d .
(+ )Eth y lv ln y lo a r b ln o l , prepared by decom position  
o f  th e strych n in e ar.lt o f  th e hydrogen p h th a lic  e s te r  
w ith  subsequent steam d i e t i l l e t l o n  from c s u s t lo  soda 
s o lu t io n  had cxSlrtl+3.«0° (1 ,0 .2 5 }  b .p . 3 1 4 - 3 1 6 ° .  The 
ca rb ln o l r e a d ily  absorbed a m olecular amount o f  bromine 
in  chloroform  s o lu t io n , and on removal o f  th e  so lv e n t ,  
ethyl-a/tod ibrom o-ethyl ca rb ln o l remained as an o i l ,  b. p.
3 i 9?33mm . , n A  .5346, a ^ + l  .SS ,0 +3.34”, 3.54;
+*.1§* ( 1 ,0 .5 ) .  Another sample had M s7,0+4.74° , 
[«]su l+ 7 .6 2 ‘ (1 ,2 ;  0 ,1 1 .8  in  p o etic  a c id ) . This (2 .3 6 5 .)  
was d isso lv e d  in  a c e t ic  acid (SO o.c.) and chromic 
anhydride ( l g . )  added in  sm all p o r tio n s , w ith  constant 
shaking, to  th e warmed s o lu t io n  (6 0 -7 0 ° ) . The a c e t ic  
acid  s o lu t io n  was d ilu te d  w ith ice -w a ter  and extr&oted
114 .
w ith  e th er . The r e s u lt in g  ethyl-oyi-d ibrom o-ethyl k etone  
was a y e llo w  o i l  which d i s t i l l e d  without decom position , 
( 8 . 0 f g . ) ,  b .p . 95^12am . , m"’ 1 .8 2 6 0  » <*5„o - 0 .  T5° ( 1 ,  o. 2 5 ) . 
Another sample had M sfn-lOa fcT  ( 1 .2 1 5 ,3  0 .4
in  a c e t ic  s o ld ) . (Pound* C, 2 5 .4 2 , 55.79* H, S 3? , 3.31»  
B r, 6 5 .4 3 , 67 .5 0 . CfH^OBr* req u ires C, 54.6* H, 7.28*
B r, 65 .< #).
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SECTION III^
The (+) spd ( - )  cx-H ienyl-Y-methy l a l l y l  A lcohols^
Hy fr a c t io n a l c r y s t a l l i s a t io n ,  f i r s t l y  from methyl 
a c e ta te  end subsequently from aceton e, the q u in id in e  
s a l t  o f  (d l) -N -p h en yl-Y -m eth y la lly l hydrogen h th a la te  
can be separated in to  th e two s a l t s  dBdA and d£lA 
which on decom position  fu rn ish  (+) and ( - )  ex-phenyl- 
Y -m ethylallyl hydrogen p hthalate r e s p e c t iv e ly . The 
l a t t e r  e s te r  when sa p o n ified  w ith  aqueous a lk a li  g iv e s  
r i s e  to  an alm ost com pletely  racemic m ixture o f  (X-phenyl- 
Y -m ethylally l a lco h o l i nd i t s  isom eride Y^henyl-ot- 
m e th y la lly l a lo o h o l. H ydrolysis w ith sodium hydroxide 
in  ab so lu te  a lco h o l however, y ie ld s  1 -a -h e n y l-Y -m e th y l-  
a l l y l  a lco h o l; t h i s  a lcoh o l on red u ction  i s  converted  
in to  (+) p henyl-n -rropyl carb in o l the ro ta to ry  power o f  
which i s  in  c lo s e  agreement w ith  th a t o f  th e oarb inol 
obtained by d ir e c t  r e s o lu t io n , thus rendering i t  h ig h ly  
probable th a t o p t ic a l  p u rity  has been reached in  the  
r e so lu t io n  o f  both th e  unsatur? ted  and th e saturated  
aleohola*
I t  was found th at i f  care in  the avoidance o f  h igh  
tem peratures and acid c a t a ly s t s  was to k en ,th e  a c e t ic ,  
hydrogen p h th a lic , j-m itro b en zo ic  e s te r s  and the j>-xenyl 
urethane o f  cw h en y l-Y -m eth y la lly l a looh o l could be
prepared unmixed w ith  the corresponding isom eric body, 
th e  isoraer isa tion  process being much slow er a t moderate 
temperature® th in  the e s t e r i f ic a t io n  r e a c t io n . Attempts 
to  prepare th e  methyl ether however rroved u n su cc ess fu l, 
w h ile  th e dibromide r u : id ly  decomposed in  chloroform  
s o lu t io n , hydrobromic acid  being evolved* As in  th e  
o a s t  o f  Y - h e r y l - o ^ e t h y la l ly l  c h lo r id e , c*-rhenyl-V- 
m e th y le lly l ch lo r id e  could not be prepared by in te r ­
a c tio n  o f  th e a lco h o l w ith  phosphorus tr ic h lo r id e  or  
th io n y l c h lo r id e , th e  major product o f  the rea ctio n  
being phenylbutadlene in  each case*
Both (±) end ( - )  o (-p h en y l-Y -aeth y la lly l hydrogen 
phthalates sep arate  from a m ixture o f  ether and l ig h t  
petroleum in  cluster®  o f  lo n g , prism atic n e e d le s , m*p. 
8 3 -8 2 ° , when fr e s h ly  prepared. A fter  keeping sev ere !  
days at room tem perature, even in  rn evacuated d e s ic ­
c a to r , the c r y s ta ls  s low ly  form a matted mass which 
grad u ally  becomes pasty but which r e s o l id i f i e s  a f te r  
some 20 days* (Table XIX) The su rfa ces  o f  e  c r y s ta l ,  
which had been standing on a microscope s l id e  fo r  two 
d ays, appeared to  have l iq u e f ie d ,  th e cen tre  part 
remaining s o l id  and th e c r y s ta l ,  as a whole, r e ta in ­
in g  i t s  shape. The l iq u id  portion  grad u ally  tr a v e lle d  
inwards and f in a l ly  c r y s ta ls  o f  Y -rhenyl-^ w aethyla lly l 
hydrogen p h th a lic  e s t e r ,  some f in e  h a lre  (d-) and some
rhombic (d l- )  began to form end th e whole bee one a maae 
o f  c r y s ta ls  s t i l l  r e ta in in g  th e  e s s e n t ia l  shape o f  the  
o r ig in a l c r y s ta l .
From th is  I t  would appear that transform ation  tak es  
P lace on th e  su rface  o f  the o r y e ta l added by tra ces  o f  
(m oisture and) th e  so lv e n t and th e  su rfa ce  energy o f  the  
c r y s ta l .  Xn marked oontraet to  th is  behaviour i t  was 
found th a t (a) dl-o-pheuyl-Y -oethyla lly l hydrogen p h th a la te  
could be recovered  unchanged a f te r  i t s  (2C?C) so lu t io n  In  
p yrid in e had been kept a t room tem perature fo r  3 weeks 
bad (b) (-) cx-phenyl-Y-aethyI d l y  1  hydrogen phthalate  
d isso lv e d  in  b o ilin g  cyclohexane c r y s ta l l i s e d  unchanged 
from th e coo led  e o la t io n .
d l-u -I h e n y l-Y -a e th y ls l ly l  hydrogen p hthalate  
separatee from a m ixture of ether and l ig h t  l etroleum  
la  sm all compact Irreg u la r  c r y s ta ls  a .p . 93-94° t when 
nixed  w ith  th e  laem erlo d l-Y -r h e n y l-o i-a e th y ld ly l  
hydrogen p h th a la te , a .p .  3 2 -9 3 ° , i t  m elt# a t 92 -93°.
I t  I s  thus probable th a t 93-94° i s  not th e  tru e  m eltin g  
p oin t o f  d l-o -p h e n jr l-Y -n e th y ld ly l hydrogen p hthalate -  
p a r tic u la r ly  In v iew  o f  l t a  l e s s  s o lu b i l i t y  -  but ra th er  
th e  temperature a t whleh i t  undergoes rapid isom eric  
change. This v iew  i s  supported by th e fo llo w in g  
experim ent! d l-a -p h en y l-Y -m eth y le lly l hydrogen Ih th a ln t*  
was melted and th e r e s o l id i f ie d  materi a l  c r y s ta l l is e d
from ether and l i+ h t  etroleunu I t ,  a .p . 93° , formed 
a c r y s ta l l in e  s a l t  with cin chon ld ine but not w ith  
q u in id in e , whereas th e  m ateria l b efore  m elting  re a d ily  
formed a c r y s t a l l in e  s a l t  w ith  qu in id in e but not w ith  
cin ch on ld in e.
The tautom eric c h n g e  o f  oi-phenyl-Y -m ethylallyl 
hydrogen p hthalate proceeds smoothly at ordinary temp­
eratu res when th e  e s te r  i s  d isso lv ed  in  alm ost any 
n eu tra l so lv e n t . The re a c tio n  has th ere fo re  been 
fo llow ed  p o la r ia e tr ic a l ly ,  and th e  q u a n tita t iv e  method 
has enabled both th e degree o f  the r e a c tio n , and the  
energy o f  a c t iv a t io n  o f  th e tautom eric change in  benzene 
to  be c a lc u la te d .
( - ) a -P h en y l-Y -o e th y la lly l hydrogen p hthalate ham 
a low (+ )-r o ta t io n  when fr e sh ly  d isso lv e d  in  carbon 
d isu lp h id e . This v a lu e  ra p id ly  b eg in s to  r i s e ,  doubling  
i t s e l f  w ith in  5 or 6 h ou rs, and f in a l ly  reaching a 
maxiiium v a lu e  in  10-14 days. These v a lu e s , when p lo tted  
aga in st tim e, l i e  on a smooth curve (F ig .V II) which 
proves to be a hyperbola, s in c e , when a logarithm ic  
fu n ctio n  o f  th e  ro ta to ry  power i s  p lo tted  aga in st tim e, 
a s tr a ig h t  l in e  r e s u l t s  (F ig .V III ) , The ro ta to ry  owers 
o f  two s o lu t io n s ,  ( i ) o , i . 5 «  ( i i ) c , s .O  (1 ,2 ) o f  ( - )  « -  
phenyl- Y -m ethylallyl hydrogen p hthalate in  oarbon d i -  
su lp h id e ere g iv en  i s  Table HE.


These v a lu e s , when p lo tted  aga in st t in e  g iv e  hyperbolae  
which apparently reach a maximum a fte r  about 180 hours - 
(F ig . B A ) . Applying th e  equation  i
*  « i |S Q  lo g  o(A0- A J  -  lo g |6(A ,-  A j  
a
tR was p lo tte d  a g a in st lo g |e(A0-  - l o g / A ^ -  A J  In
each o a so , where t& * t in e  In  hours* A„ th e  i n i t i a l  
ro ta tion *  a m th e  f in a l  r o ta t io n  and An th e  r o ta tio n  o f  
th e s o lu t io n  at t in e  t  .XL
I t  was found th a t (w ith in  th e accuracy o f  the  
experiment) th e  v a lu es  fo r  both so lu t io n s  l i e  on th e  
seme s tr a ig h t  l i n e .  (Fig#XXB)* This shows th a t the  
v e lo c i t y  o f  th e  r e a c tio n  i s  independent o f  th e con­
ce n tra tio n  o f  th e  s o lu t io n , and th e r e a c tio n  i s  th ere­
fo r e  rnononoleoulare The v e lo c i ty  o f  th e r e a c tio n  ( k ) , 
c a lc u la te d  from th e  s lo p e  o f  th e l i n e ,  proved to  be 
0*017 ( t in e  u n its  in  h ou rs). A s im ila r  experiment 
performed on a d if fe r e n t  sample o f  m ateria l when the  
tem perature o f  th e lab oratory  was lower (about 15 0) 
gave two independent v a lu es  o f  0*008 fo r  th e v e lo c ity  
con stan t o f  th e  r e a c t io n . In order to  ob ta in  e  va lu e  
fo r  th e energy o f  a c t iv a t io n  o f  the r e a c t io n , the  
v e lo c i t y  co n sta n ts  a t d if fe r e n t  tem peratures (£g) o f  
th e  same r e a c tio n  in  benzene, were ca lc u la te d  from th e  
r o ta t io n  d ata  g iv en  in  Table 2EL.
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table xnr
Trenaformp.t Ion o f  ( -)  cx- I h t a y l -  V-n e th y la l ly l  Hydros—  
B xth alate to  (+) Y-Jfti—y l -  ow a etla r la lly l Hydrogen Hitha la te  
c t  room TgraperRturg in  Crrbon D lsu lrh ld c  (1 » 2 ).
(c  ,1 .5 ) (C,3 .0)
Time in  
hours. 0( sty>i CX k-“iSS (X 50-61 Cl +35ST
0 0.3 0 0.23 0.20 C.43
19 CO*o 0 .38 0.39 0.83
43 0 .2 6 0 .8? 0.89 1 .3 0
67 0.39 0 .7 6 0.90 • 63
94 0 .47 0 .8 6 1 *90 2.03
i n 0.52 0.89 1 .12 2 .0 7
163 0 .56 1 .34 1 .3 8 2 .5 0
212 0 .5 4 1 .0 8 1.3 8 2 .50
1. (1 7'C -  24°C)
™    ” '  — —  -----— -   —
1 2 3
o  v©
  ____________________________________________
The measurements were made by means o f  a jacketed  
polarim eter tu b e, through which water from a gas 
therm ostat was passed* One example o f  the s tr a ig h t  
l in e  produced by p lo tt in g  lo g lo(A0-  X Ji -  lo g |0(An-  A J
sg a ln s t  t  l e  g iv en  in  F ig . X* The v e lo c ity  c o n sta n ts ,
when p lo tted  g a i n s t  tem. erature l i e  on a hyperbola  
r is in g  ra p id ly  towards I n f in ity  between 55° and 60°C. 
(Fig* I I )*
Employing th e equation  t lo g  k « ~£ 3
* T73 T
where E i s  the energy o f  a c t iv a t io n  o f  the rea c tio n  and 
T the ab so lu te  tem perature at h ic h  was measured, 
lo g  k~ was p lo tted  aga in st 1 , th e points ly in g  on a
r
s tr a ig h t  l in e  (F ig . i l l ) « whose s lo p e  2
77S
hence E « -38QU0 c a lo r ie s  per gm. mol. (tim e u n ite  in  
m inutes) «
125.
TABLE HY
In flu en ce o f  temperat ure on the r a te  of  change o f  (-)cx- 
Ih en yl-Y-u e t h y la l ly l  Hydrogen E hthzlate in to  (4-) Y-Bienyl-  
ow n etf iy la lly l Hydrogen Phthalate in  Benzene S o lu tio n.
At 18° At 37° At 47° At 55°
c ,3 .0 6  j 1 ,2  c , 4 .0 5 * 1 ,2  c , 5 . 0 ; l , 2  e , 5 . 0 j l , 2
t
Hours.
IS° t
mins.
n 9or. ,bU-bt tmins
kn°Ck
SHI
t
mins.
55°
0 -0 .7 4 0 -0 .8 8 0 -0 .4 7 0 0 .0
1 9 .5 0.43 10 0.85 6 0.42 3 +0.15
72 .5 0.12 30 0.72 22 0 .2 6 5 0.21
9 1 .5 + 0.02 60 0 .5 7 48 0.02 10 0 .35
236 0 .1 6 90 0 .47 60 0.00 15 0 .4 6
308 0.20 180 0.15 70 + 0 .05 20 0.52
210 0 .00 95 0.12 25 0.52
k » 0. 00039 0. 00575 0. 023 0.115
(tim e u n its
in  minutes)
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OQ3ot> 0 0 ^, 0  oo^ To oo3jo ooi <,6 o o is e
a r i a t i on o f  lo g  K w ith  l / T
1 1 
T
lo g  K
0.00342 -3 .4089
0.00323 -2 .2400
0.00313 -1 .6380
0.00304 -0 .9393
FIGURE X II .
I " "
o<s*6o
( - )  < *-a«B yl-Y -in eth y la lly l hydrogen p hthalate d isso lv e d
In a saturated  e th e rea l so lu t io n  o f  naaonla had
2.0 °
W sw>( +11.0° ( c ,2 .2 5 i  1 ,2 )  * t h is  va lu e  raualned con stan t 
fo r  9 days a f te r  vdiich the s o lu t io n  became s l ig h t ly  
cloudy making accurate readings d i f f i c u l t .  Under th e  
sen s experiment :1 co n d itio n s  (+) y-phenyl-cx-ciethylally l 
hydrogen p hthalate has M 5w+44.0° (o ,1 .S 0 j  1 ,2 ) .
Coupled w ith  th e  non-occurrence o f  m utarotation in  
p yrid in e s o lu t io n  th e se  experim ents in d ic a te  th a t s a l t s  
s f  e<-phenyl- / - a e t h y la l ly l  hydrogen p h th a la te  are acre  
s ta b le  than the fr e e  no id  e s te r .  Moreover th e ru ln ld ln e  
s a l t  a f te r  keeping fo r  many months y i e ld s ,  on decomp­
o s i t io n ,  th e  o p tic  . l ly  pure acid  e s te r .
The a looh ol i s  s ta b le  to  K /l0 NaOH fo r  1 4  days e t  
zoom temperature end to  b o ilin g  sodium hydroxide fo r  a 
sh ort tim e but undergoes co a p le te  isom eric change In  
presence o f  0.3?f aqueous a c e t ic  acid  in  42 hours.
The n eu tra l e s t e r s ,  ir e  more s ta b le  th en  th e acid  
este r s*  ( - )  oc-phenyl-Y -nethylolly1 a ce ta te  I s  recovered  
w ith unchanged ro ta to ry  power a f te r  (a) rem aining a t  
rooa temperature fo r  10 days In  eerbon d isu lp h id e ,
(b) 14 days in  pyrid ine or (e) being heated in  b o ilin g  
b en ssas s o lu t io n  fo r  4 hours, w h ile  (-)» -p h en y l-Y -
nethyla lty l-p -n itrobensoate is  unchanged by sim ilar  
treatment.
In considering the mechanism o f the transformation  
i t  i s  in terestin g  to bear in  mind the follow ing experi­
mental re su lts  : -  (-) -<wphenyl-Y~nethylallyl alcohol
end jp-xenyl isocyanate mixed in  molecular proportions 
and heated 2± hours at 40-45° y ie ld  (-f)-a- t henyl-Y-methyl- 
' l l y l  jg-xenyl urethane M ^ A,+S4 . 4 ° in  chloroform, & 
confound which can be maintained molten (sup* 3 20°) fo r  
a few minutes, or kept in  b o ilin g  benzene so lu tion  for  
4 hours or kept in  b en zon itr ile  so lu tion  for 14 dsys rt 
room temperature without I ts  rotatory power 5 *4° ,
[°Dsa( + 7 .3 0 ( c ,1 .30 ; ,1 ,2) undergoing eny change. When, 
however, the or ig in a l sdyturc of alcohol and iso cyanate 
i s  heated on the steam bath  for 0 .5  hour only the so lid  
product co n sists  en tirely  of the isomeric (+) -Y-phenyl- 
oum etlylallyl £ -x ery l m ethane, which a fter  one cryst­
a ll is a t io n  from benzene has [°0  +175.4° in  chloroform.
Although i t  i t  possib le that c r y s ta llisa t io n  uiy have 
resu lted  in  the removal o f some dl-urethane (which, 
however, ia not very soluble in  benzene) th is  reaction  
i s  remarkable for  the very high rojortior., 175 .4 /2^ °
* 87.7 'ftOf o p tica l a c t iv ity  maintained through the 
isomeric change.
NOTE.
An exam ination by X-areye o f  (-)-c*»Fhenyl-Y-«etfeyl 
a l l y l  hydrogen p hthalate and th e  d l-trrR eform ation  
iroduct was k in d ly  undertaken by nr.J.D.Bernal of 
th e  U n iv ersity  o f  Cambridge. Xn h is  report Hr. Bernal 
s t a t e s :  "The f i r s t  ( ( - )  -a —phenyl-Y -raethylally l
hydrogen phthalate) has an extrem ely sim ple c r y s t a l l in e  
s tr u c tu r e , an orthoromblc c e l l ,  a » 8 .2 " , b -  6.29, 
c -  29.4 . This i s  th e  ty p ic a l  orthoromblc arrangement 
fo r  sn arom atic hydrocarbon. Wc can on ly  understand  
t h i s  l f  we w rite  the s tru ctu re  out in  th e fo r a  X,
which g iv e s  the m olecule o f  len g th  ' 4 A, f i t t i n g  
consequently  in  two la y e r s  in to  th e c e l l .  The d l  
v a r ie ty  o f  th e o th er  form has a t o t a l ly  d if fe r e n t  
arrangement. I t  i s  m onoclin ic , w ith  a at 1 4 .7 , b -  3 3 .5 ,  
e s in  fh * 7 .9 , sp aee-grou f ?  2. / a ,  a lso  w ith  four  
m olecu les in  the c e l l .  I  have not y e t  succeeded in  
p la c in g  th e  m olecules in  th is  c e l l .
The main in t e r e s t ,  however, l i e s  in  th e trans­
form ation . X have fo llow ed  i t  c a r e fu lly  both as i t
3 32.
occurs slowly at room tem eratures, cud on heating.
I t  i s  a tr  reform at ion o f e typ ica l dehydration typo, 
that i s ,  i t  proceeds from n u clei on the surface o f the 
crystal? small p its  appear, at f i r s t  round, then sub­
sequently o f  hexagonal o u tlin e , which gradually grow 
and are seen to be covered by a film  o f liq u id . No 
in ternal transformation appears to take place. In fa c t ,  
the whole process appears lik e  very slow melting. As 
I v isu a lise  i t ,  the chemical action co n sists  merely in  
the transfer o f the hydrogen atom from one side o f the 
phthalic ion group to the other, and subsequent linking  
u p  of th is  with a group o f a d ifferen t molecule ly ing  
adjacent to i t  in  the cry sta l stru ctu re ."
EXKlvIMUilAL DETAILS. 
dl-ci- lh s ay 1-V- a e t h y la l l r l  r lco h o ! (?08g. * 78 )0 , prepared 
by th e in te r a c t io n  o f  jure orotonnldehyde (I2 8 g .) end 
th e  Grignard reagent from mtgneeiura (4 8g .) and fcron -
n 1D°beacons (386g .) , had b .p . 13 1-3  22 /1 2 a m .., 1 .5826  .
Xte phenyl urethane could on ly  be obtained in  the fo r a  
o f  a gun a fte r  stan d in g over e  year . I t s  p-ocenyl 
urethane ( 0 .8 g . ) , prepared by h ea tin g  to g e th er  fo r  2 .8  
hours a t 4 0 4 8 °  j .-x e n y l iso cy rn a te  (lg.) and th e a lco h o l  
(0 .7 g .)  » separated  from eth er  and l ig h t  p etro leu a  In  
ra d ia tin g  c lu s te r s  o f  p rism atic  n e e d le s , a .p . 124°
(Founds B , 4 .2 8 . C^H^O^S req u ires  N, 4 .1 )0 .
d W -Phenyl-Y-m ethylrl l j l  I -n ltr o b e nnoute (2 0 g .) , 
prepared by th e  in te r a c t io n  o f  th e a lco h o l (1 4 .8g.) and 
P -n ltrob en zoy l ch lo r id e  ( I 8 .8 p .)  in  th e presence o f  
pyrid ine (1 O g .), c r y s t a l l i s e d  from aon lztu re o f  eth er  
and l ig h t  petroleum  in  r .'d ie t in g  c lu s te r s  o f  almost 
c o lo u r le s s  prism atic n e e d le s , a .p .  99°. (Founds B, 4 .8 .  
« „  H(S- 0^I  req u ires  I ,  4.7?:). Mixed w ith  d l -Y»phsnyl-<x- 
m e th y la lly l j -n itr o b e n a o a te  (a . p. 58-59°) i t  m elts very  
in d e f in i t e ly  a t 45 -75°.
d l -cW h e n y l-Y- a e t h j la l l y l  a o e te te  ( 6 .8 g . ) ,  b .p .
1 3 5 - 1 3 6 '  / 2 l .  5  m m . ,  s ^ f l . 5  87, (Founds C ,  75.5j H,  7 .7 .
C t H ^Q, req u ires  C, 7 5 .8 ; H, 7 .0 )  warn r e a d ily  obtained  
by th e  a c t io n  o f  r e e t io  anhydride (5 .4 g .»  freed  fro a
a c e t ic  rc id  by th e  method o f  Meisenhelmer and B eu lter  ) 
oa  a warm m ixture o f  th e a looh o l (6 .0 g .)  and pyrid ine
( 8 .Cg.)
dl-cx-Phonyl- Y-aeth y la l ly l  hydrogen jhthaJLetg, A 
s o lu t io n  o f  phth&llo anhydride (30g ) In  h o t pyrid ine  
(6 Cg.) was ra p id ly  coo led  end mixed w ith  «-= h sn yl-Y - 
a e t h y la l ly l  a lco h o l (3Q g.). She r e su lta n t m ixture mm 
m aintained a t 40-45° fo r  2 hours end o c c a s io n a lly  shaken. 
The homogeneous l iq u id  was d isso lv e d  In eth er  and washed 
rep ea ted ly  w ith  ic e -c o ld  d i lu te  hydroch loric  cold  u n t i l ,  
as a r e s u lt  o f  th e removal o f  much o f  th e e th er  by th e  
aqueous a o ld , th e  hydrogen p h th a llc  *»t«r began to 
c r y s t a l l i s e .  At t h is  s ta g e  a la rg e  volume o f  co ld  w eter  
was added and th e  whole v ig o ro u sly  shaken when th e  
hydrogen p h th a lio  e s te r  separated  com pletely  In sm all 
gran u les. These were f in e ly  tr itu r a te d  w ith  very  d i lu t e  
co ld  hydroohlorlo r c id , f i l t e r e d ,  washed w ith  water and 
d ried  in  v r c u o , m.p. 77-79°. f i e l d  54g. ai-cx-Phenyl-V - 
m e th y la lly l hydrogen p hthalate sepcar; t e s  from a mixture 
o f  eth er  and l ig h t  petroleum in  —a l l  n eed les  au p. 95 -94°. 
Mixed w ith  d l-Y -p h en yl-O c-aethyla lly l hydrogen phthalate  
I t  s o fte n s  and m elts a t 92 -04°. (Found: C, 72 .64 , H,
5 .4 1 C|g H;feQ^  req u ires  C, 72 .97 , B, 5 .4 * ) . th en  t h is  
hydrogen p h th a lic  e e te r  was sa p o n ified  w ith  e th y l  
a lc o h o lic  sodium hydroxide th e  recovered a looh o l d i s t i l l e d
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sh erp ly  e t  3 3 9- 1 20/1? ,8 a m .and oould not be induced to  
s o l i d i f y ,  from which i t  ie  ev id en t th a t no con sid erab le  
amount o f  isom eric change to  d 1 -  I f-h e n y l-o (-q e th y la lly l  
hydrogen p h th a la te  had occurred during th e  ee t e r  i f  le n t  ion . 
I f  th e  precautions d escrib ed  above, p a r tic u la r ly  th e  
avoidance o f  h igh  tem perature, are not tak en , the product 
i s  not homogeneous. When th e r e a c tio n  m ixture o f  a lo o h o l, 
P h th a lic  anhydride and pyrid ine i e  heated on th e e teaa  
b ath  fo r  an hour th e  product c o n s is t s  e n t ir e ly  o f  th e  
isom eric d l - If-phery 1-a-raethy l a l l y l  hydrogen p hthalate  
m.p. end mixed m.p. 92 -94°. This r e s u lt  was confirmed 
by e a p o n lflo a tlo n  when d l-Y -p h en yl-a—-n eth y la lly l a lo o h o l, 
a .p .  30*31.8° warn ob ta ined . I t  i s  thus ev id en t th a t  
a-phenyX -Y ^aethylally l hydrogen p h th a la te  and V-phenyl- 
OM&ethylallyl hydrogen p h th a la te  oa sa p o n if ic a t io n  y ie ld  
th e  a lco h o ls  from which they were r e s p e c t iv e ly  prepared.
Culnt&lne S a lt  o f  ( - )  -a -K ic n r l-V-meth y la l l y l  Hydrogen 
P hthalate .
C ulnld ine (2 4 g .) was d isso lv e d  in  a co ld  s o lu t io n  o f  
d l-a -p h e a y l-V -m e th y la lly l hydrogen p h th a la te  (22g .) in  
m ethyl a c e ta te  ( 300c .o . )  when th ere  separated im m ediately  
a bulky mass o f  aeb estoe-L ik e c r y s ta ls .  These, a fte r  
r e c r y s t a l l i s a t io n  from m ethyl a c e ta te  (2 3 0 0 c .c .)  c o n s is te d  
o f  o p t ic  f i l ly  pure q u in id in e  s a l t  o f  (-i-o s-jh en y l-Y -m eth y l-
136.
FIGURE X I I I .
Norma. Dispersion of (-) oc-Fhenyl-Y-methylallyl Hydrog
Hithalate in Various Solvents. (See Table
-no .
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e l l y l  hydrogen p h th a la te  (3 8 .0 * .)  a . p. 146-147° (deoomp.). 
(R otatory powers in  Trble25T).
C ulnid lne g a i t  o f  (+) -tx-Ih e n y l-Y-m c th y la lly l Hydrogen 
P hthalate .
The f i l t r a t e  from th e q u in id in e  s a l t  described  above, 
a fte r  removal o f  the so lv en t y ie ld ed  a gum (3 eg .) which  
d isso lv e d  r e a d ily  In hot acetone ( 6 0 o .c . ) . A fter  o o o lin g  
t h i s  s o lu t io n  d ep osited  bulky c lu s te r s  o f  s i lk y  n eed les  
w hich, a f te r  r e o r y s t s i l l s a t lo n  from acetone ( 6 0 c .c . ) ,  
co n s is te d  o f  th e  q u in id in e  s a l t  o f  (+) -«-phenyl-Y -m ethyl- 
a U y l  hydrogen p h th a la te  ( 4 .3 s . )  m.p. 3 33-4 34° (decom p.). 
(R otatory Powers in  Table 22:).
( - )  -ot-Hieny 1-V-methyl a l l y l  Hydrogen Phtha la t e . The 
u ln id ln e  s a l t  o f  m.p. 146*347° ( 6 2 g .) ,  mixed w ith  
acetone ( 3 5 0 o .c . ) ,  was decomposed w ith  ic e -c o ld  d i lu te  
hydroch loric  a c id . The lib e r a te d  hydrogen p h th alic  e s te r  
was p rec ip ita te d  by a d d itio n  o f  ic e -c o ld  water end then  
ex tracted  w ith  e th er . The dried  e th e rea l s o lu t io n , mixed 
w ith  warn l ig h t  petroleum , d ep osited  ( - ) -a -p h en y l-Y -  
methyl&Llyl hydrogen phthalate os r o s e t te s  o f  long f in e  
g l is t e n in g  n eed les  (2 3 g .) m.p. 83-82°. (T a b le X I).
(+) -ot-Ih en y l-  Y-metj.y la l l y l  Hydrogen Hrthr l a t e . The
, . .  1 ,      .  _V ............. ....... --------------, A _ . .  ______ ,______ i_____£ £ & £ ( ____
q u ln ld in e  c e l t  o f  a .p . 133-134° ( 4 .7 g . ) , decomposed aa 
described  in  th e  ireoeed in g  paragraph, y ie ld e d  (+ )-« «  
p h en yl-Y -aeth y l& lly l hydrogen p h th a la te  ( 3 .7Sg ) 
g l is t e n in g  n e e d le s , a .p .  8 0 - e i° . (Table SS? .
( - )  -o uHierc?l-V-meth y la ll3 r l a lcoh o l was obtained  by th e  
a d d itio n  o f  ( - )  -ex-phenyl-Y -raethylrllyl hydrogen p hthalate  
(3 9 g .)  to  a hot s o lu t io n  o f  sodium hydroxide ( 6 .5 g )  in  
a looh o l (3 0 0 e .o .)  and subset u rn tly  p assin g  s te e a  through  
th e m ixture. The steam d i s t i l l a t e  (9000. c . )  on 
e x tr a c tio n  y ie ld e d  ( - )  -a -p h en y l-Y -m rtfcy la lly l a lcoh o l 
( 8 . fig.) b .p , 126 /':’ 'mm. , ag 1 .8528 . I t s  ro ta to ry  rowers 
(which l i e  on a  smooth curves , Fig.XIV) and d en sity  are  
g iv en  in  Table x v . I t s  jM tenyl u rethan e, h a iry  n e e d le s , 
m.p. 1 2 0 ° , from a m ixture o f  m ethylene ch lo r id e  and 
l i g h t  p e tro leu a , has dx]rtfl +*0,0° |  M „ ,0 +22.6°» [«}fw+#4,4*  
[ex] + 88 .2° (0 ,2 .2 5 1  1 ,2 )  in  chloroform .
( - ) -tt-R teayl-Y -a e t h y la l ly l  A o eta te . b .p . 174-135/73Onm. ,
n^S'l  .5  64, d“ 5 1 .0 1 6 , <*”*„ -0 .34° , ;«*£, - 0 .4 3 ° ,  0(“ ‘8 -1 .2 8 '
( 1 ,0 .2 5 ) ,  was prepared by g e n tly  h ea tin g  on th e steam  
bath fo r  1 hour a t  60-70° a m ixture o f  th e  ( - ) -a lc o h o l
2.0° o( « fl4l -33.59°, JL,0 .5 ,  3 g .)  a c e t ic  anhydride (2 .7 g .)  and 
p yrid in e ( 2 .8 g . ) .
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TABLE YSL
Var ia t io n  o f  R otatory Rower o f  w -H ienyl- Y-e m th y la lly l  
Alooh o l w ith  Tempera tu re . ( 1 ,0 .5 ) .
V 5^180 «5*. °^ ssr t° * / 4
3 8° «• -29.69° -34 .2  7° - 15.9 2 .0310
80 -2 7 .6 6 29.2 6 33.69 •64° 33 .8 3 wU-46
w0.7 - 26 .93 32.32 99 .4 i>5. 5 0.9934
84 . 8 - 26 .0 7 3C.22 37.0 16.3 0.9884
4 0 .8 - 24.79 28.74 54.83
90*0 — ■' 22.90 2 6 .5 5 4 7 .8
63 #8 ww 21.62 23.72
J
45 .33
M - 2 0 .0 7 33 .33 44 .3 5
73 -■■■■ 29.22 £3 .07 4 2 .4
80 (a f t e r  coo lin g ) ■i -  : ■ , 29 .25 33.49 64 • Q
80 (a f t e r  coo lin g ) - 27.2 3 33 .36 3 9 .6
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V p r i n t ion of Specific Gnavitir <q-Phenyl~jr-metbylalIyl
aloohol with Temperature. (Table XVI.)
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(-)  -(X-Rxenyl-  Y-m ethyla l l y l  p-JTitrobenzoate. A so lu t io n  
o f  j -n itr o b e n s o y l  ch lo r id e  (4 g .)  in  chloroform  O S c .c .)  
wee added dropwise to  a m ixture o f  ( - )  -^ -p h en yl-Y **eth yl-  
a l l y l  a lcoh o l (0c^6< -3 4 .1 7 ° , 1*0*5, S g .) and pyrid ine
( 2 g .) .  The r e a c tio n  m ixture, which had become warm, was 
l e f t  24 hours and then worked up: th e r e s u lt in g  £ - « i t r o -
benzoic e s te r  was e  m obile o i l  th e  ro ta tory  powers o f  
which are in  Table YNJL.
The Conversion o f  D erivat iv e s  o f  oi-lhenyl-Y-m ethyla l l y l  
A lcohol in to  D er iv a tiv e s  o f  Y~ lh e i^ l-(X-m e th y la lly l A lco h o l.
(1) (a ) .  C onversion o f  d l -  06-Eheny 1 -  YUaethy I c i l y  1 acet a t e
inter d 1 - Y-Phenyl-o(-me thy 1 a l ly  1 a c e ta te , ( i ) . The 
a ce ta te  b .p . 3 25731mm. (5 g .)  and a c e t ic  anhydride (? .S g .)  
were heated to g e th er  on th e  steam bath fo r  3 0 hours and 
then d i s t i l l e d .  A fter  removal o f  th e  a c e t ic  anhydride 
th e  main p ortion  d i s t i l l e d  a t 1 32-d 53/^9 mm. ? t h is  product 
( 2 . 5c . c . )  was heated under r e f lu x  fo r  3 .5  hours w ith  
aq u eou s-a lcoh o lic  sodium hydroxide and th e rea c tio n  
m ixture d i s t i l l e d  in  a current o f  steam. The v o la t i l e  
m a te r ia l, b .p . 123 -12478 .5m m ., c r y s t a l l i s e d  com pletely  
when in ocu la ted  w ith  d l-Y -p h en yl-o(-m eth yla lly l a lcoh o l 
and had m. p. 30-33* .
( i i ) .  The a c e ta te  (Qg.) was heated w ith  g la c ia l  a c e t ic  
acid  (5 g .)  on th e steam bath fo r  2 hours: th e
p ortion  (3 .5 g .)  then  had b .p , 133-1347*1 Omm. and a fte r  
sa p o n if ic a t io n  in  a s im ila r  manner y ie ld ed  d l-Y -p h en y l-  
N -m eth yla lly l a lco h o l ( 2 c .c . )  b .p , 1 25-326/*9.5mm., 
a . P. 30—310•
Conversion o f  ( - )  -a-Hienyl-Y«-meth_vlallvl A ceta te  in to
m mmmmm tM M P SP M iM p t. «m»n  .wWL— » — mtamm»  « m m >  mmumm w « m #
(4-) - Y-I h e n y l-Q(-methylal3y l  A cetat e .
(a)* JS[ th e a c t io n  o f  cold  a c e t ic  ac id . (-)~ o (-R ien y l-
146 •
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Y -m ethylallyl a c e ta te , -0 .3 4 ’ , - '  . 4 * <xwre- l.2 3 *
(1 ,0 .2 5 )  was d isso lv e d  In pure a c e t ic  acid  when i t  had 
LoQw + 3 .e ;  H w,+ % ± M Ms+ 4 .2 6( c ,5 .1 0 f 1 ,3 ) in  the  
fr e s h ly  prepared s o lu t io n . A fter standing 17 hours a t  
th e  ordinary tem perature th e ro ta to ry  powers o f  th is  
s o lu t io n  had changed to  M ^ + 3 5 .5 0, W 5Uf±28.9°, / / + 5 6 . 8 °  
-  v a lu es  which had not changed a f te r  th e so lu t io n  had 
stood an a d d itio n a l 45 hours.
The isom eric (+) -Y~pheny 1-aUra e t h y la l ly l  a ce ta te  
prepared from th e  (4-) -a lc o h o l has M  +145.0°, H ^ + i66 .o°,
° (£• • i * 2) ^  &cld s o lu t io n , hence
th e  a c e ta te  formed by isom eric change in  a c e t ic  acid  
so lu t io n  p o sse sse s  a ro ta to ry  power 1 7 .3 #  o f  th a t o f  
th e  o p t ic a l ly  pure (±) -Y-j& enyl-cty-m ethylrllyl a c e ta te . 
A fter  removal o f  th e a c e t ic  acid  the r e s id u a l (± )-Y -  
p h ery l-ou m eth y la lly l a c e ta te  had b .p . 35 ft-?530/ 22®»l „
'^5* %S>* 0 lto'S" «
.526 end cng t n  + 3  0 . 3  6 , a su , + 3 .6 9 , oCMsg + 3 3 .8 6 “
( i t 0 .5 ) .  The v a lu e  ±13.6?° (1 ,0 .5 )  i s  3 4 .1 #  o f  
th a t  o f  o p t ic a l ly  pure (± )~Y -p h en yl-^ -m eth yla lly l 
a c e ta te .
Transformatio n  o f  (-) -N-Fhenyl-Y^eth y la l ly l  Alcohol 
to  (+) - Y-ffheny 1-oumethy l a l l y l  Alcohol .
A so lu t io n  o f  (-)-04~ henyl-Y-raethyl l l y l  a lco h o l ( 1 .5 c .c .
____ ____________
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lo°c*$-46f -:4 .9 8 6, 1 ,0 .25) in  0.5^ aqueous cce tic  acid (500c .c .)
a fter  stranding 42 hours at room temperature was rendered 
s lig h t ly  a lkaline and extracted with ether. The dried 
extract yielded (+ )-Y-phenyl-(X-^ethylallyl alcohol, b.p. 
340/'20mjn . , m.p. 33° , <xSWJ +0.51°, + 0 .69% +1 .36,°
( 1 ,0 .5 ) .
Hydrolysis o f (-)  -ctf-jhenyl- Y-met'hylallyl hydrogen 
Phthalate with a lcoholic  potash y ie ld s  o p tica lly  pure 
( - ) oHPheryl-Y-cethy l a l l y l  alcohol (as i s  shown by i t s  
reduction to o p tic a lly  pure (+)-phenyl-^-propylcarbinol) 
the rotatory power o f which remains unchanged after  
standing 16 weeks at room temperature. Moreover d l-a -  
phenyl- V-methyl&llyl alcohol undergoes no s ig n ifica n t  
conversion to dl-V-phenyl-oum ethylallyl alcohol when i t  
i s  (a) l e f t  in  contact with 20 v o ls . N/10 NaOH for 14 
days, (b) boiled  tinder reflux  with aqueous sodium 
hydroxide or (c) heated with anhydrous potassium 
carbonate at 100° for 2 hours. Yet when (-) -o(-phenyl- 
y-m ethylallyl hydrogen phthalate was saponified with a 
s lig h t  excess o f aqueous 5N sodium hydroxide the 
liberated  alcohol was a mixture b.p. 1 22-3 28.5/^ 1mm., 
from which, by fraction a l d is t i l la t io n  (4 ) -Y-phenyl-oC- 
m ethylallyl carb inol, m.p. 316, 4-0 . 3 5 °, (1 ,0 .25)I mmm
was iso la ted . S im ilarly when aqueous a lcoholic  soda 
was used the liberated  alcohols were separated by
m .
d i s t i l l a t i o n  ( i )  b .p . H9-.12.l-5/ltmin.., - 4 .3 5 ° ( 1 ,0 .2 5 ) ,
( i i )  b .p . 128-129/7! Omm. » <*&, - 2 .1 4 ' ( 1 ,0 .2 5 ) .
F raction  ( l i ) ,  when in ocu la ted  w ith  d l - Y-phenyl-a- 
m e tb y la lly l a lc o h o l, d ep osited  c r y s ta ls  o f  (+ )+ phenyl- 
iX -m ethylallyl a lc o h o l, a . p. 3 3 -5 4 ° , + 2 .2 ” ( e ,4 .6 i
1 ,2 ) In  p yrid in e so lu t io n .
Transform ation  o f  ( - )  - c<-Iheny 1~Y-a e t h j l a l i y l  A loohol 
to  (+) -  Y-R ienyl-cx-methy 1 f 1 l y l  A ce ta te .
A m ixture o f  ( - )  -a -p h e n y l-Y -a e th y la lly l a looh o l ( 3 g . ,
(Xsa.M -14.98; 1 ,0 .25 ) and a cetic  acid (IQ g.) after  
standing 4 days yielded  (+)-Y-rhenyl-!X-aethylallyl a 
acetate b .p . 151°/34mm., «^ *f + ] .74°, + 3 .6 ,’ ( 1 ,0 .5 ) .
A s im ila r  experim ent u sin g  th e  in a c t iv e  a lcoh o l 
gave dl-If-phenyl-tx-m etiiylB llyi. a c e ta te , b .p . 3 51°/24nnt.
Transform ation o f  x-B je n y l-V- a e t h y la l ly l  p-n ltro b en eo a te  
to  Y- ih e n y l-c<- a s t h j la l l y l  i - n i t r obenzoate.
(a ) .  In th e  homogeneous s ta t e .
A specimen o f  d l-tt-p h cn y l-Y -m eth y la lly l jp -n itrobenzoate, 
a .P . 9 9 ° , a f te r  keeping in  a o losed  v e s s e l  fo r  a year  
had a .p . 94-97° but th e  amount o f  im purity ( l-phenyl-<x- 
m e th y la lly l jp-nitrobenzoate 7) present was in s u f f ic ie n t
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fo r  sep ara tion  by fr a c t io n a l  c r y s t a l l i s a t io n .  The 
r e c r y s ta l l i s e d  e s te r  a f te r  being kept m olten fo r  0 ,5  
hour, r e s o l i d i f i e s  to  a  c r y s ta l l in e  mass o f  unchanged 
m ,p ,, 98—99° ; when, however, th e m olten m ater ia l was 
kept at 1 0 0 °  fo r  2 .5  h ours, the cooled  liq u id  did not 
s o l id i f y  when in ocu la ted  w ith  the o r ig in a l m a te r ie l, 
but did so im m ediately when in ocu lated  w ith  d l-Y -p h en y l-  
(x-m ethylallyl j>-nitrobenzoate and then had m. P, 46-48° | 
a f te r  r e c r y s t a l l i s a t io n  from ether and l ig h t  petroleum  
i t  had m. p. 58-59° alone and admixed w ith  d l-Y -p h en y l-  
ou m eth y lc lly l jp -n itrobenzoate.
Liquid (-) -c<-phenyl~Y-methylellyl p-nitrobenzoate 
after being kept at 10 0 ° for 2 . 5  hours read ily  s o lid if ie d  
on cooling and had [oQsl, 0 - n  . 2 ', [«L , «d4 . 0* M ,. , - 3 3 . 7 ” 
(£ ,3 .65; 1 ,^2) in  chloroform. Fractional c r y s ta llisa t io n  
resolved th is  m aterial into two fraction s ( i)  m.p. 50-52i 
which when mixed with dl-K -phenyl-a-m ethylellyl p -n itro -  
benzoate (m.p. 58°) melted at 57-58° end ( i i )  a more 
soluble portion, m.p, 45°, which when mixed with ( - ) -Y -  
phenyl-cx-methylallyl P-nitrobenzoate (m. P. 41°) melted 
et 42-44° and showed [o<]swo -3 3 .8°; -3 5 . 7 a;
[oc]^ - 3 8 . 5 °  ( c , l  .07* 1 ,2 ) in  chloroform .
O ptically  pure ( - ) -)-phenyl-(*-© ethyl a lly  1 p -n itro -  
benzoate has -2 7 .5 2 ‘ ; M .^ ( -3 3 .4 8 °; M ^ st -87.4°
(£#5.00* 1 , 2) in  chloroform.
1 5 0.
(b).  In so lu tion .
By heating dl-cx-phenyl- Y-methylellyl p-nitrobenzoate 
with 1 . 5  times i t s  weight o f acetic  anhydride for 6 
hours (3.5 hours are in su ffic ie n t) on the steam bath 
i t  was converted into dJL-Y-phenyl-oc-methylallyl £ -  
nitrobenzoate, m.p. and mixed m.p. 57-58** About 
o f jM iitrobenzoic acid was iso la ted  from the reaction  
mixture.
Conversion o f cx-Ihenyl-Y -m ethylally l Hydrogen Bxthalate  
into V-Ihenyl-ec-m ethylally l  Hydrogen Hhthrlcte.
(a) .  dl-cx-Phenyl-Y-methylallyl hydrogen phthalate was 
heated with an equal weight of pyridine on the steam 
bath for one hour and the coaled so lu tion  mixed with 
ice -co ld  d ilu te  hydrochloric acid. The liberated  o i l  
soon c r y s ta llis e d , m.p. 94-9 5 ° e ith er alone or admixed 
with authentic d l -  -phenyl- -m ethylally l hydrogen 
phthalate: i t  c r y s ta llise d  from carbon disulphide and
lig h t  petroleum in  ch aracter istic  large , g lassy  rhombs.
(b). (-)  -(X-Pheryl- Y-methylallyl hydrogen phthalic 
ester  (m.p. 83°) i s  insoluble in  cold hexahydrobenzene, 
but d isso lves in  the b o ilin g  so lven t. The ester  (0.25g)
M SA-Ll q
ether - 2 2 . 0 , was added to b o ilin g  hexahydrobenzene, and 
retained at 82° C for about 0.5 minute when i t  was
ra p id ly  co o led . Long, f l a t ,  prism atic c r y s t a ls ,
■operated and had m.p. 8 2 ° , IXty, -8 0 .0 °  ( o ,3 . ' 4 ,1 ,2 )  l a  
eth er  s o lu t io n , showing th e m ateria l to  be unchanged.
The experiment was repeated re ta in in g  th e temperature 
a t 82° fo r  3 m inutes, th e  hexahydrobenzene now being  
removed by e x s ic c a t io n . She product had M A  +10.0°, 
( c ,2 .5 ,  1 ,2 ) in  carbon d lsu lp h id e  s o lu t io n  showing th a t  
th e  re a c tio n  m ixture contained about 22$ (+)-V '-phenyl- 
« -® e th y la lly l hydrogen p h th a la te . (<x-Hbsnyl- -m eth y l- 
a l l y l  hydrogen p h th a lio  e s te r  has [a] +0.19° in  carbon 
d is u ljh ld e  so lu tion ,).
I t  was found th a t l f  th e  h ea tin g  was continued fo r  
30 minutes th e  product was purs Y-pheryl-o(-m ethylally 1 
hydrogen p h th alate  having [oil +20.0°, ( c f2 ,5 ,  I f 2)5 Ifo t "* •***
which rep resen ts  72$ o f  th e d-enantiomorph.
( o ) .  (-)-o t-p h en y l~ V «oeth y la lly l hydrogen p h th a lic  e s te r  
( [°GsL ~32*4" in  e tber so lu tio n ) has -13.25° in
benzene. In 33 days t h i s  v a lu e  changed to  + 3 .3 2 ° (Y-phenyl 
-c u a e th y la l ly l  hydrogen p hthalate has [<xty+5.'° in- 
benzene) . A sm all q uan tity  o f  p h th a lic  acid  m.p. 200°) 
was d ep osited  on the s id e s  o f  the polnrim eter tube.
The benzene was removed in  a d e s ic c a to r  and th e s o l id  
product had [ex] +13.6° in  carbon d lsu lp h id e  so lu t io n:W>I
showing th a t th e  product contained  65$ (+ )-V -p h en y l-a -  
m e tb y la lly l hydrogen p h th a la te .
Another p o rtio n  o f the some sample o f e s te r (C .5g.) 
was d isso lved in  benzene in  a te s t  tube and a fte r  being 
heated to b o ilin g , was quickly cooled. The re s u lt in g  
e ste r had M SiM,(+3 3 .0e in  carbon d isu lrh id e  so lu tio n . 
(dl)-Y-jhenyl-<x-m 6th y la l ly l  hydrogen phthalate (m* p. 93-4) 
was Iso la te d  from the product.
(d) (-)-oU Phenyl-Y*m e thyla lly l hydrogen phthalate (0.64g) 
has W s l t , -3.0°, (c ,3 .25 ) 1 ,2) when fre s h ly  d isso lved in  
pure acetic acid. In  2 .5  hours th is  value changes to 
[oOj^i + 5 .4 1 when n u tc ro ta tio n  ceases. On removing t h .  
so lv e n t, h th : l ie  acid ( ,3 2 g .) , m.p. 398°, was iso la te d , 
together w ith  an o i l  possessing the c h a ra c te ris tic  sm ell 
o f the acetic eater. A p a ra lle l experiment was carried  
out w ith  d l-& -}h e n y l-  )f-m ethyla lly l hydrogen phthalic  
e s te r, { 6 6 . )  in  acetic acid (2 5 c .c .) . The o i ly  product 
had b.p. 1257:4m. m. 1 .5320 (Known Y—p he ny l-«*«e thy l-  
a l ly l  acetate, b.p. 1&2-033/lOm.m., n^’ l .5306, had b .p . 
I51«452/'34m.a. in  the same apparatus.). (O p tic a lly
lo#lure Y-pheny 1-a-m ethylally l acetate has 66.0°
(0 ,1 .12 ) 1,2) in  acetic  acid so lu t io n .) •
In  another experiment d l-a-phenyl-Y-m ethyla lly l 
hydrogen ifc thalate ( 6g.) was added to acetic acid (80 0 .0 .)  
hosted to 95° on & steam bath* The so lu tio n  was 
immediately cooled and poured in to  ice-cold sodium
carbonate so lu tio n . The o i l ,  (3.5g.*) which separated, 
was sa lted o u t, extracted, and d is t i l le d , and proved 
to  be Y -p h c n y l-fc ^ e th y lc lly l acetate, b.p. I45j^2imm.
1.533 3.
(e ). d l- K - H ie n y l- Y ^ e th y la lly l hydrogen phthalate (8g .) 
was heated on a steam bath w ith  acetic anhydride OSOc.c.) 
fo r  4 hours. The acetic anhydride was then removed by 
d is t i l la t io n  under reduced pressure and l ig h t  petroleum 
added to the remaining o i l .  R ith e lic  anhydride (4g.) 
m.p. 128°, separated in  long h a iry  needles. P e tro l 
was removed from the f i l t r a t e ,  and the o i l  d is t i l le d  
under reduced p ressure , (b .p . 3 35~34 0 /2 0 ^ **)  . However, 
more c ry s ta ls  o f phthalic  anhydride appeared in  the 
d is t i l la t e ,  and to remove these the o i l  was again d ilu te d  
w ith  l ig h t  petroleum, plungea in to  ice,,and f i l te re d .
The o i l  recovered from th is  f i l t r a t e  proved to be 
V-jhenyl-O uoethyla lly l acetate, b.p. 144~5/'20mra., n 
a*" 1 .5310 0  .S g .) .
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T A B L E  f f l
T r ansfo rmation o f (+) --V-Phegyl-4-a e th y la lly l Hydrogen 
Phthalate In to  (+) -V-itaenyl—«-a e th y la lly l Hydrogen 
Fhtha la te  at room temperature In  Carbon D ls a lih ia e t (e ,3 .0 0 t 1 ,2 ).
Time in  
hours. i« 93 ti a+3 5r
M 5M3 6 0  f [ocj
0 + 0.3 0° ±0.13° + 0*1° + 1 #7° + 2.2° + 3 .7 °
21 0.28 0.28 0.3 4 .6 4 .6 5 .0
27 0.30 0.40 0,68 5 .0 6 .6 11.3
42 0.40 0.53 0.97 6 .6 8 .8 1 6.3
89 0.63 0.78 3,42 10.3 3 3 .0 23 .6
99 0.62 0*80 .60 3 0 .2 33.3 2 6 .6
114 0.70 0.84 .61 13 .6 34.0 26.8
141 0.82 0.99 1,89 33 .6 3 6 .5 31 .5
3 65 0.88 1.02 2.00 14 .6 17 .0 33.3
194 0.96 1 .3  u 2 .20 16.0 18.3 36 .6
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Preparat io n  o f (-+) -Y- Ih e n y l-a-meth y la ll y l  Methyl E th e r  
by a method un lik e ly  to lead to In ve rs io n  o f Conf i g u ra tio n .
Potassium (3•9g.) was d isso lved in  on ethereal so lu tio n  
o f (o p tic a lly  impure) (+-)-V-phenyL-oc-methylallyl a lcohol,
+1 0 #7°in  carbon d isu lp h id e , and the re s u lt in g  
so lu tio n  mixed w ith  methyl iodide (3 4 . 5g .) and gently  
warmed. The re s u lt in g  (4) -Y -jhe ny l-o um e thy la lly l methyl 
ether (1 .5g .) had b.p. 102-3 e # K \ .5 m n ., end +6.63%
Ot1*',. +6.83°, « '+ ,  +7.92°, oc'^r8 +13.93° (1 ,0 .2 5 ) , .5327.
Attempts to  prepare the isom eric methyl ether from <x- 
phenyl-Y-m ethyla lly l alcohol by a s ird L la r procedure 
were unsuccessful.
Conversion o f (4 ) -Y- R ie n y l- a-aethy la l ly l  gydrogen H ith a ls te  
to (^ ^ Y ^lhenyl-oumetliy la l l y l  E th y l E th e r.
( 4 )  -  V -Ihenyl-ow aethyla lly l hydrogen phthalate ( 4 . 90g .)  
made up to lOOc.c. w ith  absolute e thy l alcohol had
M et„  # • » * *  H i , ,  -1 2 . J , W im,.1 4 .? ;  (c ,3 4.91
l.,2 ) and a fte r  keeping 24 days at room temperature,
L^3jA6t -14.1% A fte r  keeping at 25° fo r  nime months the  
ro ta to ry  power had reached the constant value [%J -1 .5 °5"+4 I
h a l f - l i f e  period about 60 days; on working up the
15T
so lu tio n  yielded (-)-Y-p heny l-a-m ethy la lly l e th y l ether 
( 7 * . ) ,  b*P* I 1 4 ’/ H m . m .  , nT’ 1 .8263 , « £ „  -3.80°, o £ t( -8 ,50*  
( lt2 )(Fo u n d t C #82*3; H ,9 .1 . C ^H ^O  re q u ire s 0 ,81 .8?  
H *9 .3#).
Conversion o f (+) -Y-JEhex^l- d -a e th y la ljy l Hydrogen Ph tha late 
to  (-) -V-Bienyl-»c*-m e th y la lIy l  Methyl E th er.
(+ )-Y -ih e n y l-a -m e th y la lly l hydrogen th tha la te  (14.60g .) 
made up to lOOc.o. w ith  methyl alcohol (d ie t, from 
calcium) had M it„ -7 .2 * , M , , .  - 7 .4 ,  IX ty  -8 -4 » -3 3.5°
(£#34.60t 1#2) and a fte r  keeping 90 days at room temp- 
erature# M s-Uil -6 .3° . A fte r  a fu r th e r  months the 
constant value fcQ**, - 0 .7 2 "was reached, h a l f - l i f e  period 
about 34 days, and the so lu tio n  -  which contained no 
unchanged hydrogen phtha lic  e ste r -  was worked up. The 
re s u lt in g  (-}-Y -ih 6n y l-o (-m e th y la lly l methyl ether (7.Qg.) 
b.p . l2 4 °/2 Q m .u u 9 1®*59? had -0.34*# -0 .3 8 ° ,
01 -0.59° (1 ,0 .2 5 ) . A p a ra lle l experiment showed
th a t when the o r ig in a l so lu tio n  was heated under re flu x  
the reaction was complete in  3C minutes? the re s u lt in g  
methyl ether having b .p . 10372 0mm., o( ^  - 0 .4 8 ° ( 1 | .5 )  
n f  J. .8528.
158.
Conversion o f  a -Jke ny l-Y -a e tb y la lly l Hydrogen Hathelate
I I I Iiimmtmn 11 1 — 111*1 i Win ii mmmm* — —  * m  umm i—  i i U  tmm ■ — *  ■ mgi ... .....
to  Y-jgfaeny 1 - g-^ aethyIa l i f f  1 Methyl E th e r.
A so lu tio n  o f (-)-o(-phcm yl-Y-a@thylallyl hydrogen phthalate 
in  methyl alcohol ( f re s h ly  d is t i l le d  from calcium) gave 
the fo llo w in g  changes in  ro ta to ry  power (ot 5 .£92 i ^ t£ )
on standing at room temperature.
Time ° < S 7 « 0 S  ^6 \ (X + 3 5+r
0 —2 • 51° - 2 .6 7 ° - 3 .  05° —6.30*
20 mine. - - 2 .9 5 -
45 o its<5 . «uM 2.43 2,.® 5 .6 7
70 n 2 .2 3 - 2 .7 2 -
165 * - ■ .44 : .6 6 3 .9 3
260 * - 1 . 3 6 :  .5 : 3.00
320 " ea® i  i  a3 # i  v :  . 2 0 2 .5 7
8 hours* 0 .7 3 0 . 75 0 .8 6 1 .7 3
27 .7  * 0.3 7 • 0 .1 9 0.37
3 days. mm 0.1 0 0 . 1 2 .5 5
A fte r  evaporation o f the so lvent there was obtained 
phthalic  acid and ( - ) -Y~phenyl-a.4Bethyla llyl methyl ether 
o . p .  1 1 6 / 2 0 m m . ,  c<519o 2$  -  * 2 0 ,  ~ 0 5
(1 ,0 .2 5 ) , 1 ,5350.
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Troneformatlon o f  (-)  -a -Jh W U V -methylall y l  J ^ tro b en a o a te  
to
(a) • ( - ) - V-Hbsny l - oH »ethylellyl  Acetrte  by the action  o f
A cetic AQid et ordinary tcnrtri-ture.
A so lu tion  o f (-)-«-jfeonyl~Y-o*thyl&l'.jrl jM aitrobensoats 
in  g la c ia l aoetlc  rcid had M . ^ - 4 - 4 « . 7 l  
s,*®3*3' (Ctd.45* 1 ,2) wham fresh ly  pronred rad, 
a fter  standing 24 hours at room temperature, the constant 
▼dues M £7„ - 7 . l ' ,  -7.5°, H JSt -1 8 .4 ° . From s
p a ra lle l experiment using a larger aaount (4g.) o f the
d l-j-n itrob en soat*  there was iso la ted  dl-Y -phenyl-a-
1°!^a e th y la lly l acetate ( l .S g . ) ,  b .p . I4?>l8mm., nj. 1.554.
Since o p tica lly  pure l-)~Y-ihenyl-<x-m ethyl;Hyl acetate  
has C«3Itw-i«d° in  aostio  eeld ( c , i . l 2 i  1 ,2) i t  fo llow s  
that the replacement o f the j£-nltrobensoyl group by the 
aoetyl group has been effected  with the saintainsnce o f  
some 4 .5  £ o f  the o p tica l a c t iv ity  o f the new estar.
(b ) . (-) - V-Phenv 1—x-qethy lr l l y l  Methyl  Ether by the potion
o f  Methyl Aloohol at ordinary tem perture.
A so lu tion  o f  (-)-cw h en y l-Y -a e th y le lly l j-nltrobem coate  
in  methyl aloohol had [« /,,-4 0 .2 5 ° , [« + , -47 . ', ' .3°
( j»2 .2 C i 1>2) when fre s h ly  prepared* a fte r standing  
6 days the constant value -6.23° was reached.
From a p a ra lle l experiment using  the d l-p ^ ltro b e n so a te  
(5g.) th e re  was is o la te d  jM iitrobonzoic acid (2.5&.) 
and fll~ Y—phenyl—a-methy 1 a lly  I methyl e th e r (1 . Cg*)t 
b .p . 13 *2/^5m m ., 1*5331*
Conversion o f (-) -a-Ifceayl— VU a e thy l& lly l  ; loohol to 
(•+) -Y-Rhenyl-o^metx3ylall y l  p-ac eny lu r  eth ane *
A m ixture o f ( - ) -^ -jJ ie n y l-^ - in o tliy la lly l aloohol (0 ,78*)  
and j*-xenyl jlsocy&nate ( ig .)  was heated on the steam 
bath fo r  0 .5  hour. The re s u lt in g  so lid  product gave, 
when c ry s ta llis e d  from benzene, ro se tte s  o f h a iry  
needle., a. p. 176“ ( .a s . ) . M 5W(+147.6°, M , * , +175.4°, 
W ^ j. ,+ 3 0 ' (o ,2 .2 5 : 1,»2) in  chloroform ; mixed w ith  
o p tic a lly  pure (+ )-Y-phenyl-a-'ne thyle lly l £-+enyl 
urethane (m. p. 180° j [cxj +200° » in  chloroform) i t  
m elts at 182 ° .
(+) - Ih e a y l-a-pro pyl C erb ino l from (-) -ct-jheny l- Y - a e th jl-  
c illy l a loohol.
(-) -w -ihe ny l-Y -m e thy la lly l alcohol (a,*.*, -16.55°, 1 ,0 .2 5 )  
(4 4g.) was d isso lved in  dry e the r (50c.c .) in  the
161.
re ac tion  ve sse l o f a laboratory hydrogenation apparatus.
P la tin o u s oxide c a ta ly st prepared recording to  the method
50
o f Adamsi Yoorhees and S h rln o r (C.3g.) was added* and 
hydrogen under a pressure o f two atmospheres passed in  
u n t i l  absorption was complete. The product had b.p. 
115714mm. and re a d ily  s o l id i f ie d ,  (> .7 . 41° ) having
H „ / 4 3 - 4 V  M , m,+ 4 9 .s ; K , 5s+83.3 i  ( l , 3 t
£ ,4 .9 8 )  in  beneene so lu t io n . (R ic h te r, b .p . I i? 7 l4 m n .)
5 b
Levene and Marker obtained (-) -phenyl-m-propyl 
carb ino l w ith  [c i ty -36.8° in  benzene so lu t io n , rnd 
made no mention o f i t s  property o f s o lid ify in g . I t  was 
th e re fo re  concluded th a t the carb ino l described by these  
workers was not o p tic a lly  pure, and accordingly, steps  
were taken to  repeat the re so lu tio n .
1 61.
FIGURE XVI.
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gy fra c tio n a l c ry s ta l l is a t io n  o f i t s  qu in id ine  s a lt ,  
phenyl-n-propylcarbinyl hydrogen phthalate was re a d ily  
obtained w ith  " ( in  e the r). When the h ig h ly
laevorota tory hydrogen phthalic  e ste r obtained from the  
more so lub le fra c tio n s  o f the quin id ine s a lt  was con­
verted in to  i t s  strychnine  s a l t ,  snd th is  submitted to  
fra c tio n a l c ry s ta l l is a t io n !  the corresponding 1-phenyl- 
n-p ropylcarb iny l hydrogen phthalate was obtained w ith
W s w 4 0 , 0 ' ^  e t l i e r ) .
Saponif ic a tio n  o f the jl-acid  e ste r yielded d—phenyl 
-^ p ro p y lc a rb in o l, m.p. 4 9 ° , b.p. Il57 i4m m . , the 
ro ta to ry  powers o f which are recorded in  Table X X .
The ro ta to ry  powers o f the va rious d e riva tive s are given  
in  Table XXL.
SECTION IV.
The Resolu t io n  o f  Phenyl - n -p ropyl carbin o l .
16*.
TABJMSXE.
Rotatory Power (1 ,0 .8 ) and R e fra c tiv e Index o f  (+) Hiea j l -  
n-projylca rb la o l.
Temp. 43 47.5" 80" 54" 56° 57" 83° 65°
a si,o  +35.86° -  +3 6.48° -  +3 6.75° + .6 .75° -  +3 7.13°
% 2 ,  +17.04" -  +3 8.78° -  <: 8.93° +39.03° -  +39-02°
« +30.52° -  +33.66° -  +32.40* +32.53° -  +38.08'
u«° -  3.8008 -  3.4839 -  -  1.4968 1.4845
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Fhenyl-n-propylca rb ino l, b .p. 1 1 7 - 1 1 8^38am., m.p. 1 6 ° ,
lii° 2+5° 3ro" u-7*
C * 0.9822, d* 0.9739, A*. 0.9654, dfc. 0 .9588,
a f f i .53 66 (Grignard67 g ives b.p. l is ^ jo a n .,  d”.7 C.9861, 
r^ 71 .51914), obtained In  69$ y ie ld  by the Grignard  
re a c tio n , was smoothly converted in to  i t s  hydrogen 
ih t h i l ie  e s te r, which formed c lu s te rs  o f sm all needles,
a .p . 90-91° , from carbon d isu lph ide and l ig h t  petroleum 
(Found by t i t r a t io n  w ith  sodium hydroxidoi M, 297.6. 
re q u ire s  M, 298).
Q uinid lno (200g.) was d isso lved in  a so lu tio n  o f  
the hydrogen phtha lio  e s te r (171g.) in  acetone (lo n o c .c .). 
The 8a l t ,  which separated at once, was only sp a ring ly  
so lub le  in  hot acetone and was re c ry s ta llis e d  from e th y l 
acetate (9 1 . ) ,  form ing ro ee tte s o f woolly needles (132g.) 
m.p. 168-169'’ ) a fu r th e r  crop (3Cg.) o f the o p tic a lly  
pure s a lt  was obtained by concentration o f  the second 
raother-llquor.
The more so lub le  fra c tio n s  o f the c u in id ine  s a lt  
yielded a somewhat pasty 1 + dl-hydro gam phtha lic  s s te r  
(35g.) , which was combined w ith  strychn ine  (38g.) in  
m ethyl-a lcoholic s o lu tio n  ( I 8O0 . 0. ) .  The strychnine  
s a l t ,  a fte r  two re c ry s ta L l is r t lo n s  from methyl a lcohol, 
was obtained in  ro se tte s  o f needles (4Q g.), m.p. 184- 
185° (decomp.). d -Ih e n y l-n -rro p y l c r rb in y l hydrogen 
Phtha la te , from the le s s  so lub le  cu in id ine  s a l t ,
161.
separated from carbon d isu lph ide  -  l ig h t  petroleum in  
long needles, m.p. 53-54° j the corresponding 1-rh e n y l-  
n-propylcaxbinyl hydrogen phthalate, m.p. 52-53°, mam 
obtained from the le s s  so lub le  strychnine s a lt .
d -R ie n y l-n -p ro p y lc rrb ln o l, obtained by sa p o n ific a tio n  
o f  the d-hydrogen phtha lic  e s te r by aqueous-alcoholic 
sodium hydroxide, s o lid if ie d  w ith  remrrkable readiness 
to  a mass o f long needles, a .p . 4 9 ° , b.p. 4mm. The
corresponding 1-alcohol had a. p. 48-49°.
d-Rhenyl-n-propylcexbinyl acetate, b.p. 1 25/^18mm., 
obtained by heating the d-alcohol w ith  acetic anhydride
aos°
in  pyrid ine s o lu t io n , had n^ 1.4889 and + 26 .96°, 
••'30.88*, ;c t^  +58.35° (1 ,0 .2 5 ) (Grignard67 gives 
b.p. 31 7-318°/8mm.) .
168-
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